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SYNTHETIC DIETS 
THEIR Use As A DIAGNOSTIC PROCEDURE IN ALLERGIC DISKASE 


Peter Rowe, M.D.,* aANp JOHN M. SHELDON, M.D.t 
ANN ARBOR, MICH. 


INTRODUCTION 


Hi evaluation of the role of ingested foods in the production of allergic 

symptoms is difficult and present methods of approach are frequently 
unsatisfactory. It is well established that the usual cutaneous and _ in- 
tracutaneous tests with food allergens are of little practical value in this 
regard, for it is generally agreed that positive skin tests do not necessarily 
indicate clinical sensitivity... It is equally apparent that opinion regarding 
the incidence and importance of foods as allergens varies widely. ' ' 

One of the basie principles used both in the diagnosis and treatment 
of allergic disease is that removal of the patient from the offending allergen 
is followed by remission of the svmptoms which resulted from the exposure 
to that allergen. Therefore if the symptoms of which any patient complains 
are due primarily to ingested allergens and if said patient can be maintained 
on an intake free of offending agents, the symptoms should disappear. This 
thesis is the basis for the use of most rotational and elimination diets. 
Furthermore, if patients could be maintained upon a nutrient preparation to 
which they could not become sensitized, the question as to whether or not 
food factors are important etiologically in the production of symptoms in any 
given case could be answered finally and decisively in a short time. In an 
effort to take advantage of these principles, various nutrient preparations of 
low allergenic potential have been used previously. Hill® used Amigen 
in combination with Dextrimaltose, olive oil, arrowroot starch, brewers’ yeast, 
and various minerals as a substitute food for milk-sensitive infants with 
eczema. The proteins and amino acids were assumed to be nonallergenic¢, and 
the author noted that the preparation was negative upon skin test in patients 
with a positive skin reaction for casein. In thirty-six patients to whom 
this preparation was given, nineteen had a_ satisfactory result, that is, the 
food was well taken, the eezema improved, and there was weight gain. In 
nine patients the procedure was unsatisfactory, and in the remaining cases 
results were inconclusive. Hampton* used a similar preparation for two 
patients with purpura and obtained relief of symptoms in both. Olmsted, 
Hartord, and Hampton'® reported the use of an enzymatic casein digest in 
ombination with a fat (corn, olive, or cottonseed oil), dextrose, minerals, and 


relatin for nine patients with various allergic disorders. After a seven day 


From the Department of Internal Medicine, University of Michigan Medical School. 
Material for this study was made available by Mead Johnson & Company, Evansville, Ind. 
Received for publication, June 11, 1948. 

*Instructor. 
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trial of the diet, they ineluded or excluded foods as etiological factors ine the 
production of svVimptonis. (ilvnn=® mentioned the use of protein hydrolysates 
in infants with severe eczema, and stated that 50 per cent of his patients 


improved, 


With such a background in mind, numerous patients have been maintained 


on synthetic diets at the University Hospital in an effort to evaluate mor 


definitely the role of invested allereens in the production of allergic symptoms, 


METHOD OF STUDY 


Several formulas were used in the study of the cases which will be enumerated 
below. The first preparation used was Amigen, the pancreatic hydrolysate of casein, 77 pet 


| 


vent of which was in the form of simple amino acids and 23) per cent as short) chain 


polypeptides. Pork or sheep pancreas was used for the enzymatic digestion. All of 
the known essential amino acids were present in the product, 150 Gm. of which contained 
two-thirds of the daily mineral requirement except for magnesium and potassium, A 
great volume of work has been done on the oral and parenteral administration of Amigen 
and other protein hydrolysates. It appears to have been established that Amigen will 
not sensitize laboratory animals to subsequent injections of skimmed milk, pancreatic 
extract, or Amigen itself, 918,27 that protein hydrolysates are absorbed from the gastro 
intestinal tract following oral administration,28 and that excess amounts of nitrogen are 
not recovered from either urine or stool following oral or parenteral administration.2; 7, 1! 

Amigen was prepared for serving by dissolving 100 Gm. of the powder in 1 liter of 
hot water to which 225 Gm. of cane sugar were added. This was served over cracked 
ice in four equal portions at regular intervals throughout the day. The mixture contained 
1,200 calories and the equivalent of 75 Gm. of protein. \ greater quantity was 
occasionally used if it was thought advisable to keep the intake at higher caloric level. 
Some patients preferred Amigen and water without added sugar. In these instances the 


} 


specified amount of carbohydrate was eaten separately as desired durit the course 


iy 
ig 


ot the day. More recently, in some cases Protolysate* has been used in lieu of Amigen. 


The only essential differences between the two was that the enzymatic activitv utilized in 
the production of Protolysate was derived from fish caeca.29 

The second formula used contained Amigen in combination with Dextrimaltose and 
olive oil.t A third preparation consisted of Amigen, dextrose, and certain synthetic vitamins.} 
The general composition and caloric equivalents of each of these preparations have been con 
piled in Table I. 


TABLE I 


CARBO 


PROTEIN HYDRATI FATS CALORIES 
FORMULA CONTENTS GM. GM. GM. PER LITER 
l Amigen oO! Protolysate 100Gm. 75 995 0 1.200 
Cane sugat ~P5Gm. 
Water to make 1,000c.e. 
re Mead-Johnson No. 232 154Gm. 67.5 250 85 1.942 
Water to make 1,000c.e, 
3 Mead-Johnson No. 211 154Gm, 64 354 () 1,672 
Water to make 1 ,000e.¢, 
*Mead Johnson & Company. 


*+Mead-Johnson Laboratory Product #232: Dextrimaltose 43.95 per cent, olive oil 18.7 
per cent, Amigen 20 per cent, starch 10.39 per cent, calcium gluconate 3.64 per cent, othe 
mineral salts and vitamins 3.32 per cent (monobasic potassium phosphate. dibasic potassiu 
phosmhate ealcium hydroxide, potassiun chloride, magnesium oxide, thiamin, riboflavit 
niacinamide ) 

Mead-Johnson Laboratory Product #211: dextrose 77.86 per cent, Amigen 18.99 per cent 
ther mineral salts and vitamins 3.15 per cent (sedium chloride, ilcium carbonate, dibas 
calcium phosphate, dibasic pot 1u phos; hate ferrous sulfate, ‘hiamin, riboflavin, scorb 


icid, citric acid) 
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All patients had a complete study which included history, general physical examination, 
and routine laboratory work (serology, chest x-ray, urinalysis, complete blood count). An 
allergie survey followed which included an allergic history, complete cutaneous and intra 
cutaneous skin tests in most cases, and other studies (vital capacity, cytology of exudates) 
if indicated. Before starting a patient on a trial of synthetic diet, the possibility of 
allergic symptoms arising from causes other than ingestants was excluded insofar as 


possible by the following practices. 


(1) A period of adjustment in the hospital (four to six days) was completed to 
permit clearing of any symptoms which might have been the result of environmental factors. 

(2) An anti-dust plan was instituted in forty of the fifty-one cases. Among the 
other patients there was neither clinical story nor positive skin test to suggest dust 
sensitivity, and symptoms were those most unusually due to dust allergy. 

(3) Acute or chronic, active respiratory infection, if present, was treated by chemo 
therapy and/or antibiotics until maximal response was obtained, 

(4) Pollen sensitive patients were not evaluated on synthetic diets during the specific 
pollen season, 

Finally, two other precautions were observed in the effort t 
the trial of diet. 


minimize interference with 


(1) Symptomatic management was simplified as much as possible so that the result of 
diet could be more readily evaluated. For instance, effort was made to control asthma 
with but one symptomatic drug, so that the number of doses required daily served as a 
convenient measure of response. 

(2) Collateral therapy was eliminated during this period if possible. This was frequently 


difficult, particularly in the case of diffuse cutaneous disease. 


If the program of synthetic diet was initiated, patients were managed thereafter 
as follows. Diet was continued for a period of ten days as a general rule. If there was 
lefinite remission of symptoms before the ten days had elapsed, sometimes the course 
was shortened; if there was equivocal response at the end of ten days, the diet occasionally 
was continued for a longer time. If there was no symptomatic response whatsoever in the 


as 


ten days’ time, dietary management of the patient was abandoned and food allergy wa 
onsidered a most unlikely etiology for the patient’s complaints. 
When patients showed a definite remission of symptoms upon the synthetic diet, one 


if two courses was followed. Single food additions could be made at three- or four-day 


ntervals if the purpose was to identify single allergens. In such cases, foods held = in 
linical suspect were added initially. If, however, the patient’s clinical.condition necessitated 
ore rapid return to an adequate natural diet, food additions were multiple, in groups of 


wo to four, and foods thought to be innocuous were added first. Factors which conditioned 


iis decision were the clinical condition of the patient, the severity of prior svmptomatology, 
nd the advisability of reprecipitating it. 


CASE SELECTION 


All patients selected for trial of diet in this study were experiencing daily 
mptoms of an ineapacitating nature. They all had been surveyed as 
reviously deseribed, and if symptoms persisted which were thought possibly 
» be allergie in origin, synthetic formulas were advised to aid in the evaluation 
the role of ingestants in the production of their symptoms. Thus in many 
stanees the program was used because inhalant and drug allergens had 
en reasonably excluded and symptoms had persisted. Despite case: selection 

a method which had few positive criteria, the number of patients for whom 

program was advised did not increase rapidly. In 1946-1947, over an 
‘hteen-month period, there were but fifty-one such instances. Final diagnoses 
these eases have been tabulated in Table TT. 
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TABLE II 
Perennial rhinitis ] 
Bronchial asthma 26 
Bronchiectasis | 
Emphysema 2 
Chronic urticaria 2 
(topic eczema 7 





Chronie ulcerative colitis ” 
Cephalalgia 2 
Allergic colitis | 
Vascular allergy l 
Chronic conjunctivitis l 
Erythema multiforme l 
Ulcerative stomatitis l 
Periarteritis nodosa l 
Disseminated lupust l 
Total D1 

*\dmitting diagnosis was bronchial asthma. 

*+Discharge dingnosis uncertain; disseminated lupus considered the most likely. Biopsy 


not conclusive. 


Multiple diagnoses were the rule in’ most cases, reflecting the well- 
known tendency for allergic disease to affect more than one organ system, 
but the predominating svymptom-complex was used for the purpose of the 
Classification in) Table Tl. It should) be emphasized that of the fifty-one 
patients put on the synthetic diets, forty-eight were hospitalized, 


OBSERVATIONS 


No diagnostie or therapeutic measure is of general value, however accurate 
or beneficial it may be, unless it can be applied readily to most patients for 
whom it may be indicated. It must, therefore, be admitted that these 
formulas were almost uniformly distasteful to patients, and those on synthetic 
diet programs required complete explanation initially and continued moral 
support throughout the trial period. In our experience, no one of these 





formulas was definitely more acceptable than any one of the others. How 





ever, against the initial objection on the part of most patients stands the 
fact that of the fifty-one to whom the diet was offered, all but three attempted 
the trial. Of the three patients refusing to continue the program after thei 
initial meal, one had a vague cephalalgia later diagnosed as a_ functional! 
problem by the psychiatric consultant, one had an eczema eventually diagnosed 
as neurodermatitis by the dermatologist, and one had bronehial asthma. ot 
moderate severity. 

Four other patients developed nausea, vomiting, and/or diarrhea durin: 
the course of the trial period which necessitated interruption of the program 
All four of these patients developed their symptoms on, or slightly befor 
the seventh day. In the records of nine other patients there was note 0 
slight nausea and vomiting, the occasional refusal of a feeding, or mil 
diarrhea. The program was completed in all the latter instances. 

A second general aspect of the situation to which attention had to | 
directed was the over-all effect of these formulas upon the patients. Eliminati: 
and rotational dieting have been rightfully criticized ‘wv some beeause the 
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use frequently leads to inadequate intakes and depleted nutritional states. 
Since the trial period was a short one, after completion of which effort was 
made to restore an adequate, balanced intake to the patient, it was not. felt 
that the trial would precipitate deficiency states. Caloric intake was kept 
at 1,200 calories or above. In thirty-eight instances where there was adequate 
and accurate record of body weight, twenty-six patients lost an average of 
4.2. pounds each, five patients gained an average of 2.1 pounds each, and in 
sever. instances there was no change in body weight. In no instance was 
there any clinically demonstrable detrimental effect upon the patients other than 
the gastrointestinal svmptoms noted. These symptoms quickly subsided upon 
termination of the diet. 

Considerable difficulty was experienced in evaluating the specifie result 
of trial of diet upon allergie manifestations. Despite the fact that the plan 





appeared to lend itself to precision in this respect and to the development of 
objective criteria for making such decisions, changes were frequently relative 
and subjective responses had to be taken into consideration. Responses to diet 


trial, however, could be grouped into the following four categories. 


(1) Patients in whom there appeared to be no food factor. These patients 
completed ten days of diet without change in their symptoms. 

(2) Instances in which there appeared to be a definite food factor. 
Symptoms of these patients cleared while on synthetic diet and were repro- 
duced by additions to the formula. 

(a) If additions were single and flare resulted, single allergens were 
identified. 

(b) If groups of foods were added with resultant flare, a definite food 
factor was considered present, even though a specific allergen was not 
identified. 

(3) A small group of patients who experienced complete remission of 
symptoms upon the diet, but who subsequently tolerated return to general 
diet without reappearance of symptoms. 

(4) Instances in which trial of diet was unsatisfactory for one of the 


following reasons: 


(a) Failure to complete the course. 

(b) Uneontrolled collateral therapy. 

(¢) Equivoeal result, 

(d) Inadequate follow-up contact with patient. 


Table II] summarizes the results in fifty-one patients who received syn- 
thetie diets. 

In Group 1 foods were presumptively eliminated as a cause of symptoms. 
‘he fifteen patients in Group 2 had a definite food factor. It follows, there- 
‘ore, that in thirty-eight instances information of benefit to both patient and 
shysician was obtained. 

In the group of fifteen patients in whom there was thought to be a 
efinite food factor, twenty-three separate allergens were diagnosed. Milk 
vas the most frequent offender (eleven times); wheat, white potato, and 
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AND 


TABLE ITI 


DIAGNOSIS GROUP 1 GROUP 2 GROUP 3 GROUP 4 TOTAL 
Perennial rhinitis l I 
sronchial asthma 12 D | Ss 26 
Pulmonary emphysema 2 ~ 
3ronchiectasis | l 
Atopic eczema a 7 7 
Chronie urticaria Z 2 
Chronic ulcerative colitis l | ] 

Allergic colitis l | 
Cephalalgia | ] 2 
Erythema multiforme | | 
Vascular allergy 1 | 
Chronic conjunctivitis l l 
Chronic ulcerative stomatitis l l 
Lupus erythematosis l l 
Periarteritis nodosa ] | 
Total 23 15 . 1] D1 
beef were next (each three times). Not all patients in this group had been 


skin tested, but the majority had. For fifteen of the twenty-three allergens 
demonstrated, there were both seratch and intracutaneous tests for comparison. 
In but four of the fifteen instances were there positive tests, either seratch 
(one) or intracutaneous (three), of any degree of positivity. This lack of 
correlation between skin testing and clinical observation in food allergy is in 
accord with general opinion as to the diagnostic specificity of skin testing for 


food allergens.®:'4 


DISCUSSION 


Several considerations relative to the foregoing should be discussed in 
somewhat greater detail. First, the nonallergenicity of the formulas used 
cannot be assumed. The possibility remains that milk-, fish-, pork-, mutton-, or 
corn-sensitive patients might continue to have allergic symptoms secondary to 
the ingestion of minute amounts of these substances remaining unaltered and 
undetectable in the final product. In view of the presence of short chain 
polypeptides, there remains the potential danger of immunologic reaction.” 
An enzymatic casein digest will not sensitize laboratory animals,” '?* and 
clinical observations supporting the theoretic nonallergenicity of these pre 
parations have been made. For instance symptoms of patients known_ to 
he milk-sensitive have been observed to clear upon an enzymatic digest of 
casein, and later to flare with the addition of milk to the basie formula. The 
final answer to this question should be withheld) pending further c¢liniea! 
investigation and trial. 

It should be re-emphasized that unpalatability is the chief objection 
encountered in the use of these diets. Our results have not been tabulated 
for each of the formulas because practical differences between them wit! 
respect to acceptability or clinieal result were not apparent. It seems doubtful! 
that any patient with less than major allergic symptoms would elect to remain 
upon such a program for the full trial period. Beeause of this impression, 
the procedure almost uniformly was reserved for inpatients. 
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The importance of controlling environmental factors, the dust allergen, 
and concomitant infection prior to embarking upon a diagnostic dietary regime 
cannot be overemphasized. On several occasions it was observed that proper 
consideration of these factors obviated the necessity for dietary trial which 
had originally been contemplated. The presence of an active infectious 
process, at least in the respiratory tree, contraindicates a trial of one of the 
synthetic formulas. For example, one patient with bronchiectasis superimposed 
on an allergic asthma could not be controlled from the standpoint of the 
asthma by any means during a flare of the pulmonary infection. After 
control of the pneumonitis with antibiotics and postural drainage, residual 
asthma cleared rapidly upon institution of a synthetic diet. 

It again should be pointed out that patienis for whom diet trial was 
ordered were those whose symptoms were more than moderately incapacitating. 
The total number forms but a small, though unestimated, percentage of the 
cases seen in Allergy Clinic. 

The cause of gastrointestinal symptoms secondary to the use of these 
formulas is somewhat obscure. Aspartic and glutamic acids are reported to 
cause nausea and vomiting in both man and laboratory animals,** 7° and 
casein hydrolysates contain both of these amino acids.2°) This may explain 
the development of symptoms, but delay in their appearance until the sixth or 
seventh day of dieting is less readily explained on this basis than if appearance 
was more immediate. One patient, who developed nausea and vomiting with 
Amigen orally, was maintained satisfactorily on intravenous Amigen and 
subsequently tolerated a second trial of the oral preparation for a ten-day 
period without the development of gastrointestinal tract symptoms. Although 
this patient was sustained with the parenteral preparation when unable to 
tolerate Amigen orally, it was not the general policy to follow this plan. The 
end did not appear to justify the means even in the face of considerable 
literature attesting to the safety and efficacy of parenteral amino acid ad- 
minist ration.': BS, 16, 82, 18, 17; 18; 20, 23, 34 

Finally, it should be kept in mind that the trial of diet occasionally was 
used as a differential diagnostic procedure in syndromes of obscure etiology. 
The final diagnosis was in some cases a condition not commonly thought to be 
of allergic origin. These eases have been included irrespective of this con- 
sideration because they represented instances in which synthetic diets were 
itilized in differential diagnosis. The recorded results (Table II1]) usually 
efleected the accepted nonallergic etiology of the disorder (namely pulmonary 
iuphysema, bronchiectasis), but in two instances (lupus erythematosis, peri- 
irteritis nodosa) there was apparent benefit from the formulas in disease 
ntities not commonly held to be allergic in origin. The patient with lupus 
'vthematosis was a middle-aged, white man who was the vietim of a dis- 
‘minated process affecting most of the major organ system. <A> skin biopsy 
as reported as compatible with lupus, but a skin-muscle biopsy from = a 
ifferent site revealed essentially normal tissues. The clinical impression’ at 
ie time of discharge was probable lupus erythematosis, and follow-up  con- 
ict with the patient was insufficient to verify or disprove the diagnosis. The 
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symptoms of this individual twice cleared upon synthetic diets and twice flared 


with additions. Periarteritis nodosa occurred in a middle-aged, white woman. 
The diagnosis was made at the time of necropsy. Prior to death the patient 
had had almost intractable asthma for many months. There was associated 
high-grade (20 to 50 per cent) eosinophilia observed in peripheral blood as 
well as transient pulmonary consolidations which appeared serially in different 
locations in the lune parenchyma. These were clearly demonstrated by suc- 
cessive chest x-rays. In the last six months of life, the only time of relative 
freedom from asthma were those periods when the patient subsisted upon 
synthetic formulas only. The example of this latter patient may be suggestive 
evidence of an allergic etiology for periarteritis nodosa, supporting Rich's 
recent observations.*° The instance of probable lupus erythematosis can be 
regarded as nothing more than a recital of observations which at this time 
cannot be extended to any conclusions. 

In comparison with previously reported use of synthetic diets the formulas 
discussed herein would appear to be potentially less allergenic than any of the 
others. .A more varied and larger series of cases has been reviewed) than 
previously, 


CONCLUSIONS 


A group of fifty-one patients suffering from various ailments thought to 
be entirely, or in part, of allergie origin has been studied by means of synthetic 
diets. In thirty-eight of these patients, or 74 per cent, it was felt that the 
trial afforded information of definite positive benefit to both the patient 
and physician, information which could not have been aequired by other 
methods in so short a time with equal clarity. 

The method would seem to supply another worth-while, safe, and sound 
approach to the problem of exact diagnosis of food allergy, although at the 
moment, in its present form, it does not appear practicable for outpatient 
use or for use upon patients with less severe allergic manifestations. 

Until more e¢linical experience and study have justified the assumption 
that these formulas are nonallergeni¢, positive diagnoses of food alleres 
may be more valid than the negation of its presence after trial of synthetic 
diet. 

The authors wish to acknowledge their appreciation of the work of Miss Ann Reimer, 
Therapeutic Dietician, University Hospital, in the planning, preparation, and supervision of 


the serving of the synthetic formulas discussed herein. 
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THE LIFE SPAN OF THE MEGALOCYTE AND THE HEMOLYTIC 
SYNDROME OF PERNICIOUS ANEMIA 


KARL SINGER, M.D... JosepH C. KinG, M.D... AND StIpNEyY Rosin, M.D. 
('HICAGO, ILL. 


HERE is now general agreement that pernicious anemia is a deficienes 

disease. The ability of the liver extract principle to change the megaloblastic 
maturation arrest to a normoblastie tvpe of red cell production seems to dem- 
onstrate that the site of the primary action of the antipernicious factor is lo- 
cated in the marrow. 

Patients with Addisonian anemia also show regularly # severe disturbance 
of the pigment metabolism. There is usually mild retention jaundice. The 
hemolytic index,' that is, the urobilinogen excretion in the feces correlated with 
the total mass of circulating hemoglobin, is far in excess of normal values.” 

These abnormalities of the pigment metabolism apparently are indicative of 
an existing hemolytic process since they also are observed in all other known 
hemolytic syndromes. However, contrary to these other types of hemolytic 
disorders, untreated cases of pernicious anemia show no increase or only a very 
slight increase of the reticulocytes in the circulating blood. If reticulocytosis 
is evaluated as a measurement of red cell replacement and the high pigment 
output as an indieation of the simultaneously existing increased erythrocyte 
disintegration, a considerable imbalance in favor of erythrocyte destruction 
would be present in untreated pernicious anemia. Consequently the peripheral 
blood should become rapidly depleted of erythrocytes, resulting in an earl) 
death of the patient. Clinical observations are not in agreement with such a 
mechanism. Therefore Addisonian anemia often has been considered not to bh 
a true hemolytic svndrome. In order to account for the excessive bile pigment 
output, various explanations have been suggested. It has been postulated eithe1 
that hemoglobin is destroved in the marrow without ever entering the cireula 
tion,* or that the excessive urobilinogen is not derived from hemoglobin at al! 
but represents rather pigment formed from other substances.° All thes 
hypotheses tacitly imply that the morphologically abnormal megalocytes, afte: 
having reached the circulation, have then a normal survival time.* 

In previous publications® * it has been pointed out that the common de 
nominator of all hemolytie syndromes regardless of the great variety of causativ: 
mechanisms is to be found in a shortened life span of the various types of cells 
involved. In order to determine whether Addisonian anemia may be elassifie: 
as a true hemolytic syndrome, estimations of the survival time of erythrocyte: 
from patients with untreated pernicious anemia were performed in this stud) 
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MATERIAL AND METHODS 


The diagnosis of pernicious anemia in patients used in this investigation was based on 
« compatible clinical picture with histamine refractory achlorhydria, the presence of a mac 
rocytic hyperchromic anemia, and a marrow examination showing the megaloblastic type of 
erythrocyte maturation accompanied by giant metamyelocytes. A moderate hyperbilirubinemia 


was found in the untreated patients. Furthermore, all patients responded well to liver treat 
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Mig. 1.—Survival time of normal red cells in artificial erythrocytosis expressed in per cent of 


surviving cells. 


The methods used in this study have been deseribed in detail in a previous publication.” 


Determinations of the survival time were performed with the method of differential agglu 
tination (Ashby technique). Only young, normal children (2 to 4 years old) were selected 


is recipients. Because of their small circulating blood volume, a correspondingly small trans 
fusion was found sufficient to result in a satisfactorily high addition of the donor’s cells per 
ibic millimeter. Packed cells derived from 250 to 500 ©.c. of whole blood were introduced, 
ielding an initial increase of 340,000 to 820,000 red blood cells in the recipient *s total erythro 
vte level. These initial values were established twenty-four to forty-eight hours after trans 
ision in order to avoid any significant inaccuracy due to an augmentation of the circulating 
lid volume, although it is realized that some of the transfused cells already may have been 
iminated within these first twenty-four to forty-eight hours. After determining the starting 
‘int, follow-up studies were done twice weekly during the first month and from then on once 
ery week. 


Some of the recipients showed values of 5.5 to 5.8 million red cells following trans 
usion. In order to ascertain whether such an abnormally high count may have an influence 
n the survival time of the tagged cells, normal erythrocytes were transfused into children to 
ch an extent that the total red count was brought up to more than seven million per cubic 
llimeter. Such an artificial erythrocytosis has no influence on the survival time. Fig. 1 
Ws an experiment in which the red count had been increased from an initial level of 5.8 
7.7 million per eubie millimeter. After all transfused cells had disappeared, the patient's 
1 count was 5.5 million per cubic millimeter. The elimination curve of the foreign cells 


s a normal one and their average life span was 127 days, an entirely normal value, 
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RESULTS 










Nowadays the scarcity of untreated cases of pernicious anemia presents a 


major obstacle to investigations on the pathogenie mechanisms operating in this 





disorder. Our study was performed on four cases only.* The hematologic 






data of the donors and also of the healthy recipients are compiled in Table I. 
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Fig. 2.—Survival time of pernicious anemia cells in normal environment expressed in per cent ot 
surviving cells 









Fig. 2 shows the curves illustrating the disappearance of the donor’s cells. The 






percentages of the surviving cells are plotted against the number of days fol 





lowing transfusion. Patients 1 and 2 were patients with pernicious anemia in 






relapse who had received no specific treatment for several months prior to the 






experiment. Their red cells were completely eliminated within twenty-eight and 






seventy-five days respectively when transfused into a normal environment. The 






profiles of their elimination curves are definitely abnormal and are similar to 





those seen in the other hemolytic svndromes caused by an intracorpuscular ab 






normality of the red cells. 






Patient 3 had been under continuous treatment with liver for thirteen vears 










Then treatment was stopped entirely for about three vears. <A severe degre 
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*Normalized blood picture after extensive liver treatment. 





*We are indebted to Dr. S. Portis, Dr. L. Rappolt, and Dr. S. O. Schwartz for permissi 
to use their patients in this investigation. 
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of anemia developed and the patient was advised to enter the hospital. A few 
days prior to admission he took some ‘‘liver pills.”” On the day of admission 
hemoglobin was 6.8 Gm. (44 per cent), red count, 1.66 million, and reticulocyte 
count, 3.8 per cent. The reticulocytes increased to 9 per cent on the third hospi- 
tal day and then came back to values below 1 per cent on the tenth day. There 
was also a slight rise of the hemoglobin and red cell count to 8.7 Gm. (56 per 
cent) and 2.11 million respectively. At the time blood was taken for the de- 
termination of the survival time, the hemoglobin had decreased to 8.0 Gm. 
(51 per cent) and the red count to 1.85 million. Since the antipernicious ane- 
mia principle changes the abnormal megaloblastic maturation back to a normal 
development of the red cells, one may: assume that two different populations of 
ervthrocytes existed in the blood of this patient at the time of the transfusion, 
namely red cells manufactured with the participation of the liver principle and 
also typical megalocytes produced in the absence of the erythropoietic factor. 
As can be seen from Curve 3 (Fig. 2) visualizine the elimination of the foreign 
cells, 6S per cent of the transfused erythrocytes disappeared within thirty days; 
the remaining 32 per cent were completely eliminated after seventy-two days. 
The profile of the curve showing a distinct biphasie character is also in agree- 
ment with the assumption of the presence of two different populations of erythro- 
evtes in the blood of this insufficiently treated patient. The suboptimal doses 
of antipernicious principle may also account for the total shortened survival 
time observed in this particular case. 

Patient 4 had a normalized blood picture because of continuous liver treat- 
ment for many years. The average survival time was 119 days, an entirely 
normal value. This is in agreement with the recent findings of Mollison® who 
also demonstrated a normal survival pattern of red cells obtained from ade- 
quately treated patients with pernicious anemia. 

Our results, therefore, demonstrate that in untreated cases of pernicious 
anemia there is a shortened survival time and an abnormal elimination pattern, 
whieh becomes normalized after adequate administration of liver extract. 


DISCUSSION 
Determinations of the average life span of normal erythrocytes transfused 
itu patients with pernicious anemia were performed by Ashby" and also by 


INtO NORMAL RECIPIENTS 


RECIPIENTS RESULTS 
INCREASE OF R.B C, 
K.B.C. BEFORE IN RECIPIENT PER SURVIVAL 
HB. TRANSFUSION RETCS. TYPING C.MM. AFTER TIME 
GM. % ( MILL. ) (%) FORMULA TRANSFUSION (DAYS ) 
13.7 8S 4.55 0.9 A Rh+ 379,000 27 
i 84 £.96 0.4 B Rh+ 820,000 75 
14.5 93 5.39 0.1 A Rh4 340,000 72 
11.9 (i 4.12 0.8 A Rh 527.000 119 
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Wearn and co-workers!’ as far back as 1921. A normal survival time of these 
transfused erythrocytes was found to be present. Recently Mollison® has con 
firmed these observations by means of the most refined modern techniques. 
Therefore an extracorpuscular mechanism damaging all circulating erythrocytes 
at random and thus influencing the life span is not demonstrable in pernicious 
anemia. 

The survival time of the megaloeytes (pernicious anemia erythrocytes 
Was determined with the Ashby technique by Wearn and associates (in 1922 
who transfused these abnormal red cells into another patient with pernicious 
anemia. No abnormal behavior of the transfused corpuscles was found in this 
single instance. Morawitz'! transfused normal red cells into a patient with 
severe pernicious anemia to such an extent that the majority of all the erythro 
cytes in the patient’s circulation belonged to the donor’s group. Since the 
anemia improved for a longer period of time but no change occurred in the 
ereatly increased pigment output in the feces, Morawitz concluded that the 
transfused normal erythrocytes survived much longer than the pathologic 
megalocytes. 

In 1945 one of us® classified pernicious anemia as a true hemolytie syndrony 
caused by the presence of an intracorpusecular anomaly of the erythrocyte 
It was emphasized that hemolytic svndromes are not always produced by a 
eryvthrolytie activity (immune bodies, hypersplenism) but that structurally de 
fective erythrocytes, when exposed to the normal means of destruction, disinte 
erate much more rapidly than normal red cells. By using the method of cross de 
termination of the survival time of the red cells,® * it is possible to distinguish: 
in any given case whether an extra- or an intracorpuscular mechanism is in 
volved. When normal erythrocytes, transfused into a recipient with a hemo 
lvtie syndrome, survive normally, whereas the patient’s own red cells, trans 
fused into a normal person, have a considerably shortened life span, an intra 
corpuscular abnormality may be suspected. Contrariwise, when normal red 
cells, transfused into the patient with the hemolytic syndrome, are as rapidly 
destroyed as the patient’s own cells, the presence of an extracorpuscular mech 
anism may be assumed. 

While this study was in progress, we came across a report of Loutit!® to 
the Royal Society of Medicine stating that he had transfused erythroeytes trom 
two patients with untreated pernicious anemia into normal recipients and had 
observed a survival time of thirty and sixty days respectively. This is quite in 
accordance with our observations reported in the present paper. Although the 
elimination curves of Loutit’s and our cases are all definitely abnormal, there 
is a considerably wide range of the average life span whieh is probably ex 
plained by the individual variability of the available antipernicious principle 
for the manufacturing of the cells. 

The demonstration of an abnormal life span of the megaloeyte characterizes 
Addisonian anemia as a true hemolytic syndrome since the common denominato? 
of all hemolytic disorders regardless of the great variety of causative mech 
anisms has been found to be a shortened life span of the various types of cells 
involved. 
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Although the shortened survival time undoubtedly accounts for an in- 
creased pigment production, the question arises whether it offers a truly satis 
factory explanation for the excessively high output of bile pigment regular 
observed in untreated cases of pernicious anenia. 

The abnormalities of the pigment metabolism existing in this disorder have 
always been difficult to interpret. Watson® in his extensive review has critically 
discussed this problem. Whereas in the other hemolytic svndromes there is a 
high reticulocyte count indicating considerable red cell replacement, untreated 
cases of pernicious anemia show no inerease or only a very slight increase of 
the reticulocytes in the cireulating blood. Whipple? was the first to point out 
the great discrepaney between apparent blood regeneration and destruction in 
untreated pernicious anemia, and he expressed his disbelief that the inereased 
pigment exeretion represents increased hemoglobin destruction. He postulated 
that the excessive urobilinogen is mostly derived not from the hemoglobin of 
the cireulating red cells but rather from an increase of a hypothetical ** pigment 
complex.’’ This pigment complex was considered to originate from hemoglobin 
derivatives, food products, and body proteins. Jedlicka* assumed that the 
elevated bile pigment output stems from hemoglobin only, which, however, is 
predominantly destroyed in the marrow. Both hypotheses have tacitly implied 
that the morphologically abnormal megaloeytes, after having reached the cireu- 
lation, have then a normal survival time. 

Mig. 3 visualizes the hypothetical relationship between the interdependent 
factors involved in maintaining the erythrocyte level’ (4) under physiologic 
conditions, (2B) in the common hemolytic syndromes (for instance hemolytic 
Jaundice, sickle cell anemia), and (() in pernicious anemia according to the 
theories mentioned. 

It should be emphasized, however, that Heilmeyver'® and many other in- 
vestigators (Lit. see Watson*) have rejected these hypotheses and maintained 
that the excessive urobilinogen output could be adequately explained on the basis 
of an increased hemoglobin destruction, particularly if the extreme hyperplasia 
of the marrow which exists in pernicious anemia is taken into account. 

At first glance the demonstration of a shortened survival time of the 
megalocytes seems to make any special hypotheses concerning the increased 
pigment output superfluous. However, recent investigations't demonstrate that 
the whole problem is much more complicated. Shemin and Rittenberg'® showed 
in 1946 that oral feeding of glycine labeled with N™ results in the incorporation 
of N? in the heme molecule of the red blood cells. The labeled porphyrin re- 
mains in the erythrocytes until these cells disintegrate and is then transformed 
into stercobilinogen. By means of this technique, the same figure for the aver- 
age life span of normal erythrocytes was obtained as previously determined 
with the method of differential agglutination. However, when labeled stercobilin 
was isolated from the feces and its amount correlated with the rate of erythro- 
‘yte disintegration, it was found that a significant portion of the normal pig- 
nent production is apparently derived from sourees other than hemoglobin." 
in one case of untreated pernicious anemia a considerable inerease of this extra 
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pigment was also demonstrable. Therefore these findings seem to support 
Whipple’s hypothesis. Quite obviously an entire reinvestigation of the pig- 
ment metabolism in all the hemolytie svndromes now becomes necessary. How- 
ever, the new evidence does not in any way reflect upon our interpretation of 
the significance of the shortened survival time of the megaloeytes. 

Pigment from 


Tigiehe rated RBC 
reviation 


trythrocyte Pigment {rom Srytbrocyte 
Release Disintesrate a RBC Release 
in Circulation 









Lifespan 





A. Physiologic Condition B. Hemolytic Syndromes 


Erythrocyte Pigment {rom 
Release Jisintegrated RBC 
Th i Circulation 








4 Vigment wena 


C.Current Hypotheses Relationship 
in Pernicious Anemia 


Fig. 3.—Relationship of the interdependent factors maintaining erythrocyte level. 


The absence of any considerably increased reticulocyte count in untreated 
pernicious anemia is of particular interest. It must be assumed that in this 
disorder replacement of erythrocytes occurs predominantly by means of non- 
reticulated megalocytes."° Apparently completely matured although quali 
tatively abnormal corpuscles are released into the circulation. This is quite a 
distinguishing feature since no such abnormality of replacement is demonstrabl 
in the other types of hemolytic anemia. There has been some speculation that 
the liver extract principle may contain a specifie reticuloeytogenic factor. Oliva 
and Frasearelli® report that plasma obtained from patients with a high reticulo 
eyte count caused a definite increase in reticulocytes when injected into norma 
persons. This was observed with blood from patients with pernicious anemi 
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at the reticulocyte crises following liver treatment and also in patients with 
microeytic hypochromic anemia treated with iron, Oliva and Frasearelli sug- 
vest that in pernicious anemia this hypothetic reticuloeyvtogenic factor aets in 
combination with the maturation principle. Somewhat against this assumption 
is the satisfactory hematologic response of patients with pernicious anemia 
treated with pterovlglutamie acid, 

The demonstration that pernicious anemia is a true hemolytie syndrome 
does In no way invalidate the concept of this disorder as a deficiency disease. 
It is because of the absence of the maturation principle that defective erythro- 
evtes enter the circulation and are then eliminated more rapidly than normal 
ones. Thus pernicious anemia is another example of a hemolytie svndrome 
caused by an intracorpuscular mechanism, namely a poorly constructed ceyto- 
skeleton’ of the ervthroevtes. 

SUMMARY 


The red cells of patients with untreated pernicious anemia have a shortened 
survival time. After adequate treatment, the life span of the erythrocyte be- 
comes normal, 

The demonstration of a shortened survival time of the megaloecyte permits 
the classification of pernicious anemia as a true hemolytic svndrome since the 
common denominator of all hemolytic anemias regardless of the great variety 
of causative mechanisms has been found to be a shortened life span of the 
various types of cells involved. 

The significance of the finding of a shortened survival time for the ex- 
planation of the abnormal pigment metabolism in pernicious anemia is discussed 

Quite different from the other types of hemolytic anemia, replacement of 
red cells seems to occur by means of nonreticulated erythrocytes. 

The demonstration that pernicious anemia is a true hemolytic syndrome 
does in no way invalidate the concept that this disorder is a deficiency disease. 
It is because of the absence of the maturation principle that defective red cells 
enter the cireulation and are then eliminated more rapidly than normal ones. 
Thus pernicious anemia is an example of a hemolytie svndrome caused by an 
intracorpuseular mechanism, namely a poorly constructed evto-skeleton of the 

rvthroevtes. 
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THROMBOPENIC PURPURA; THE FAILURE OF DIRECT BLOOD 
TRANSFUSION TO RAISE THE PLATELET LEVEL* 


JOHN S. LAWRENCE, M.D., WILLIAM N. VALENTINE, M.D.. AND 
WILLIAM S. ADAMS, M.D. 
ROCHESTER, N. Y. 


T IS the purpose of this report to show that the platelet level of patients with 

thrombopenia cannot be elevated significantly for any period of time by means 
of massive direct transfusions of blood. For a lone time it has been our feeling, 
as well as that of others, that blood transfusions do little in patients with throm- 
bopeni¢ purpura except to replace blood which has been lost by bleeding. How- 
ever, following blood transfusion in the amounts ordinarily used, the dilution 
factor is so great that it has been impossible to determine accurately whether 
platelets in the transfused blood remain for any appreciable time in the circu- 
lation of the recipient. 

Recently it was demonstrated in this laboratory that the circulating plate- 
let level of the cat can be substantially raised for a period of a few days follow- 
ing cross circulation by way of carotid to cartoid anastomoses with a normal ani- 
mal.’ The technique, in effect, constituted a method of giving the thrombopenie 
recipient a massive direct blood transfusion through a continuous endothelial 
anastomosis. The experimental results made it seem pertinent to determine 
whether the platelet level in human subjects with very low platelet counts could 
be raised by massive direct transfusions of whole blood. On a priori grounds 
it seemed that massive direct transfusions should appreciably raise the platelet 
level, and that if the blood platelet in man has a normal rate of utilization of 
the same general order of magnitude as that found in the cat, this increased 
value should be demonstrable for a period as long as a few days. It was argued 
further that such an increase in the platelet level should have a favorable effect 
on hemostasis in thrombopenic individuals, and thus massive transfusions of 
whole blood would offer more benefit than the conventional indirect transfusion 
of 1 or 2 units of blood. Sinee the animal experiments had shown the life 

an of blood platelets to be much greater than that of the leucoeytes under 
omparable conditions, it was hoped that thrombopenic purpura could be com- 
atted by transfusions more effectively than agranulocytosis. Accordingly, mas- 
ve direet blood transfusions were given to two patients with marked thrombo- 
enia. 

The medical literature records only two pertinent publications of which we 
re aware. Duke! in 1910 reported that direct blood transfusion both raised 

e platelet counts and improved the hemostasis of three patients with thrombo- 
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penic purpura. In one case a rise in platelet count of 120,000 per eubie milli- 
meter was noted. No data are given as to the method of direct transfusion em 
ploved or as to the amount of blood transfused.  Krasso? in 1927 likewise re 
corded beneficial effects from blood transfusion in thrombopenie purpura. In 
one case, following the transfusion of a single unit of blood, the platelet count 
rose from 11,000 to 114,000 per cubic millimeter one day following transfusion. 
In the second case no significant elevation in platelet level occurred until six 
days after the transfusion of 450 ¢.c. of blood. The amounts of blood trans- 
fused and the time intervals concerned are such that it seems unlikely that 
survival of transfused platelets could per se account for the observed eleva- 
tions in the platelet counts. 

The failure of blood transfusion to replenish satisfactorily the circulating 
nonerythroeytic formed elements when these are dangerously low ean be at- 
tributed to at least five possible causes. (1) The life span of these elements 
may be so short that when transfused they rapidly disappear merely in the 
course of normal utilization. This is true in the case of the white blood cells. 
(2) The elements may be qualitatively or quantitatively altered within a short 
period in stored blood. This faetor is of undoubted Importance. (3) The 
transfused elements are rapidly dispersed in the comparatively large blood 
volume of the recipient and, in many instances, are diluted to the level of 
insignificance on this basis alone. This is certainly true in instances where 
only 500 «cc. or less of blood are transfused. t) The abnormal state which 
prompted the transfusion initially may result in an abnormally rapid rate of 
disappearance of the transfused elements. It is, of course, difficult to exclude 
this situation. (5) The recipient may destroy the donor elements more rapid 
lv than his own. No satisfactory way of proving this exists. 


CASE 1.—J. J., a 37-vear-old Italian man, was first admitted to Strong Memorial Hos 
pital in 1943 with complaints of dizziness, blurred vision, numbness and tingling of the left 
hand and left leg, and difficulty in walking. There was generalized pallor of the right optic 
disc. No objective sensory changes were observed. There was some ataxia in the finger-to 
nose test with the left hand. The blood Wassermann was negative. The erythrocyte count was 
9,820,000 per cubic millimeter; the hemoglobin was 15.8 Gm. per cent, and the leucocyte count 
was 10,900 per cubic millimeter with a normal differential. A diagnosis of multiple sclerosis 
was made and the patient was given a course of intravenous tvphoid vaccine, The patient 
was able to continue working and except fo episodes of transient numbness the symptoms 
improved. 

In December 1945, the patient began to note pallor, exertional dyspnea, weakness, and 
fatigue. He was admitted to the Rochester General Hospital where he was found to have 
a severe anemia. Sternal marrow aspiration specimens suggested an aplastie bone marrow. 
The patient received numerous blood transfusions with but transient benefit and was referred 
to Strong Memorial Hospital on April 2, 1946, for further study. At the time of admission 
there were petechiae over most of the legs, and the patient’s story indicated that a petechial 
rash had first appeared three months previously in the areas between the first and second 
fingers bilaterally. The frequent occurrence of small hematomas had been noted for two 
months before admission. There had been frequent free bleeding from the gums for two 
weeks prior to admission. No history of ingestion of drugs of the type which are known 
to predispose to aplastic anemia could be elicited. 

On physical examination, with the exception of pallor of the optie dises the pertinent 


findings were limited to generalized pallor and the wide distribution of hemorrhagie mani 
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festations. There were petechiae on the tongue and the mucous membrane of the mouth, 
oozing from the gums, clotted blood in the nostrils, and diffusely scattered petechiae over 
most of the body which assumed the proportion of hemorrhagic rash on the lower extremities. 
The spleen was not palpable. 

\t the time of admission the red blood cell count was 1,860,000) per cubie millimeter, 
the hemoglobin, (2 Gm, per cent, and the leucocyte count, 5,050 per cubie millimeter with 
but 29 per cent granulocytes. The urine showed 3 plus albumin and there was a positive 
test for blood. The stool showed a 3 plus guaiae test for blood, The elotting time (Lee 
White method) was 9 minutes and clot retraction was poor, the clot being very friable and 
inelastic. The bleeding time was in excess of 42 minutes. The reticulocyte count was 1.8 
per cent. The platelets were virtually absent from the blood film. A specimen of sternal 
marrow Was removed surgically and a pathologic diagnosis of aplastic anemia was made. 
Despite indirect blood transfusion and vitamin K, the clinieal course was progressively 
downhill. Continued bleeding was 2 troublesome problem and it was decided to attempt 
massive direct blood transfusion, 

On April 5 the patient’s blood picture was as follows, prior to transfusion: Erythro 
cytes, 1,905,000 per cubic millimeter; hemoglobin, 4.8 Gm. per cent; volume of packed cells, 
15.0 per cent. The platelet counts on three separate determinations (Rees-Ecker method ) 
were 4,000, 6,000, and 6,000 per cubic millimeter. The blood film was almost completely 
devoid of platelets. A direct transfusion of 690 ¢.e, Was given and the patient developed a 
pyrogenic reaction necessitating discontinuation of the transfusion. Three hours after the 
transfusion the platelet count was 0 per cubic millimeter on two determinations. The fol 
lowing morning the erythrocyte count was 2,090,000 per cubie millimeter; the hemoglobin, 
6.5 Gm, per cent, and the hematocrit, 17.0 per cent. The platelet count was 2,000 per cubic 
millimeter. In a two-hour period 1,500 ¢.c. of: whole blood were transfused by the multiple 
syringe method, Despite this massive direct transfusion from normal donors, the platelet 
count two hours afterward was but 6,000 per cubie millimeter and there was no discernible 
elevation in numbers of platelets on careful examination of the blood film. Slow oozing of 
hlood from the nose, present before the transfusion, never abated. The patient continued 


to bleed and died on April 13. No autopsy was performed, 


CASE 2.—C. C., a 53-year-old white man, was admitted on Sept. 1, 1947, to the Eye 


Service complaining of a cataract of the right eve. The history indieated a hemorrhagic 


ip 
diathesis dating back to childhood with recurrent episodes of petechiae and easy bruising 
covering a period of many years. A splenectomy had been performed for idiopathic throm 
hopenie purpura in 19386, Following this there was only slight improvement in the bleeding 
tendency and the platelet count had remained depressed. However, in the year prior to ad 
mission there had been no significant episodes of bleeding. 

The patient had noted failing vision since 1929 when he was found to have eataracts. 
In 1943 an iridencleisis had been performed following which the patient developed hemor 
rhagic glaucoma of the left eye. Since that time he had been virtually blind in the left 
ye, being able to discern only bright light and the vaguest outline of objects. Vision in 
he right eye was becoming progressively smoky and the patient was threatened with nearly 
omplete blindness. Pertinent facts in the past history also included nephrolithiasis treated 


iedically because of the bleeding tendency, hernia at the site of the previous splenectomy, 


ind deafness of a mixed type in the right ear. 

On physieal examination the lens of the right eye was cloudy white and vision was 
reatly reduced. Vision was virtually absent in the left eve. There were surgical sears in 
he left upper quadrant of the abdomen and there was slight bulging in this area when 
he patient strained. There were a moderate number of scattered petechiae and a few larger 
urpurie areas. Physical examination was otherwise essentially normal. 

The erythrocyte count was 5,700,000 per cubie millimeter, the hemoglobin, 18.5 Gm. per 
ent, and the leucocyte count, 10,850 per cubic millimeter with a normal differential formula. 
he platelet counts were 26,000, 27,000, and 28,000 per cubic millimeter on three determina- 


ons. The platelets were greatly reduced on the blood smear, The bleeding time was 514 


























































LOSO LAWRENCE, VALENTINE, AND ADAMS 


minutes on one occasion and 1114 minutes on another. The clotting time was within normal 
limits and the clot retracted somewhat. The blood fibrinogen was .528 Gm. per cent. 

It was felt that removal of the cataract from the right eye was essential if the 
patient was to avoid blindness but that the hemorrhagic diathesis reduced materially the 
chances of successful operation. It was therefore decided to search for an accessory spleen 
prior to attempting to remove the cataract. In preparation for splenectomy the patient was 
twice phlebotomized and a total of 1.000 ¢.e. of blood withdrawn. He then received 1,500 ¢@.e. 
of blood by direct transfusion from three normal donors. The Pennell apparatust was em 
ployed and by this method it was possible to transfuse 500 c¢.c. of blood in eight minutes, 
assuring that the formed elements in the blood were a very short time outside the body. 
Unfortunately, technical difficulties with the platelet counting dilution fluid did not permit 
quantitative evaluation of the attempt to inerease the blood platelets in this case. However, 
careful examination of blood films for platelets were made. It was felt that a very minimal 
increase in the numbers of blood platelets transiently occurred, but the increase was fat 
below expectations and had disappeared completely within a few hours. The patient was 
operated upon the following day. There were many bleeding points but the patient did not 
bleed as much as was anticipated. No accessory splenic tissue could be found. 

The only recourse left was to attempt to remove the cataract of the right eye in sp.te of 
the risk of hemorrhage. The alternative was blindness for the patient. Therefore a second 
attempt to prepare the patient was made using the same direct transfusion technique. As 
before, after phlebotomy, the patient received via the Pennell apparatus 1,500 ¢.c. of blood 
from three normal donors within a three-hour period. The day prior to transfusion the plate 
let counts were 18,000 and 23,000 per cubic millimeter and the bleeding time was 12 
minutes. The morning of transfusion the platelet count on several determinations varied be 
tween 10,000 and 16,000 per cubic millimeter and the bleeding time from 10 to 17 minutes. 
Immediately after the transfusion the blood platelets had risen to between 50,000 and 
80,000 per cubie millimeter; the bleeding time was 3 minutes. There appeared to be a 
moderate increase in the numbers of platelets on the stained films. However, two hours 
later the platelet count had fallen to 24,000 to 28,000 per cubic millimeter and the bleeding 
time was 51% minutes. <An hour later the platelets were below 20,000 per cubie millimeter. 
The morning following transfusion (which was the morning of the operation) the platelets 
were 20,000 per cubie millimeter and the bleeding time was 19 minutes. During the post 
operative period the eyeball filled with blood, and at the time of this report, six months 


after operation, the patient was almost completely blind. 
DISCUSSION 


In each of the three transfusions reported, a minimum of 1,500 @.e. of 
whole blood was administered within a short period of time. If the blood 
volumes of the recipients were somewhere within the normal range, no more 
than three- to fourfold dilution of the transfused elements would be expected 
If the blood platelets were received undamaged this would mean an elevation 
of at least 80,000 to 100,000 in the platelet count. On the basis of the experi 
ments with animals, a detectable platelet increase persisting for an appreciable 
period of time would be anticipated. However, in only one of the three experi- 
ments reported was a significant increase noted in the recipient, and even in 
this case it was so ephemeral as to be of little practical value. 

The reasons for the unsatisfactory results are not entirely clear. In Case ] 
the patient (J. J.) had aplastic anemia, and, presumably, the fundamental defect 
to which the thrombopenia was due was merely a lack of platelet precursors 
Though it cannot be said with certainty, there is no reason to believe that ab 
normally rapid platelet destruction was a factor in this case. Yet no elevation 
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in platelet count occurred and hemostasis as evidenced by slow oozing of blood 
from the nose remained unimproved. It was thought that the use of multiple 
glass syringes might have meant that few or no platelets were actually being 
reinjected into the recipient, but platelet counts on blood allowed to stand for 
periods of time up to five minutes in glass svringes indicated that large num- 
bers of these elements were undoubtedly still present in the injected blood. 
However, it is quite possible that qualitative alterations in platelets during 
their brief stay outside the body may have resulted in their premature death on 
reinjection. Still another possibility is that the preceding thrombopenia created 
an abnormal need for platelets and that the injected platelets were almost 
immediately utilized for this reason. This seems unlikely. It is also possible 
that donor platelets are not utilized in a normal manner in human subjects, or 
that their normal rate of utilization is far greater than that found in animal 
experiments. 

In Case 2 an attempt was made to obviate the effeets on the platelets o° 
being outside the body by using an apparatus which would reduce this period 
outside. The Pennell apparatus consists essentially of a short rubber tubing 
running between donor and recipient, the blood being milked from donor to 
recipient by means of a rotating worm. As mueh as 500 ¢.c. of blood were 
transferred from donor to recipient within eight minutes so that no unit of 
blood could have remained more than a very brief period outside the vascular 
system. Despite this, results were disappointing and the transient, slight ele- 
vation in platelet count was of no practical clinical significance. This patient 
(. C.), of course, had idiopathie thrombopenie purpura, and it is not entirely 
clear whether or not platelet destruction takes place at a normal rate in this 
disease. 

It should be emphasized that the direct transfusion techniques employed 
are by no means comparable to the continuous endothelial anastomosis of the 
animal experiments. Furthermore, in the animal work there was a much longer 
period of mixing of the blood of thrombopenie and normal animals and larger 
amounts of normal blood were mixed with thrombopenic blood. If c¢om- 
parable conditions had been present in the human subjects the results might 
have been different. 
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A SIMPLE AND RAPID METHOD FOR DEMONSTRATING SICKLING 
OF THE RED BLOOD CELLS: THE USE OF REDUCING AGENTS 


GENEVA A. DALAND,.B.S., AND WILLIAM B. Castie, M.D. 
Boston, MAss. 


INTRODUCTION 


HE practical importance of a rapid and simple method of detecting the 

sickling phenomenon is apparent to anyone familiar with the various clinical 
manifestations of sickle cell disease. Unrecognized, this condition nav mas 
querade as a variety of clinical entities, including rheumatie fever, osteomyve 
litis, cerebrovascular accidents, and abdominal conditions such as acute chole 
cystitis or appendicitis, presumably requiring prompt surgical intervention. 
Sicklemia may also be the cause of otherwise unexplained mild or severe anemia. 
Thus the ready performance of a simple test for sickling of the red cells may 
be useful in the hospital, in the physician’s office, or even under field conditions 
in which genetic or anthropologie studies are being undertaken. 

The sickling of the abnormal red blood cells capable of this remarkable al 
teration of the normal discoidal form is closely correlated with the concentra 


tion of reduced hemoglobin The sickling phenomenon appears when the 


oxygen tension in the gas phase with which the blood is in equilibrium is 40 to 
$5 mm. of mercury or less.'-* Below this value the oxygen tension which causes 
manifest sickling depends on whether the active disease or only the so-called 
trait is present.* A fall in pH within the physiologic range increases the ten 
deney to sickling at a given oxygen tension because of the resulting greater 
percentage of reduced hemoglobin in the red cells. When the red cells in a 
sample of blood are sickled, they form an interlacing network of crescentic, fila 
mentous structures and as a result do not separate readily from the plasma 
under the influence of gravity or even of the centrifuge. Consequently when a 
sample of blood is sickled its sedimentation rate is decreased. Due entirely to 
the sickling of the red cells the viscosity’ of the blood sample is also increased, 
as is the mechanical fragility’ ® of the red cells. These physical phenomena 
probably explain the thrombotic and hemolytic tendencies respectively whieh 
are so common in the clinical and pathologie manifestations of the disease.* % > 

With the possible exception of the method recently pre posed by Neuda and 
Rosen? which appears to depend on enzymic injury to the red cell surfaee, all 
clinical tests for sickling require the production of reduced hemoglobin. The 
resulting sickling is then judged bv direct MUerOscople observation except when 
detected by the inhibitory effect of sickling on the sedimentation rate’? in thi 
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tedious method of Winsor and Bureh.'! Once siekled, the red cells may be 
fixed in the sickled form with formalin solution.” Removal of oxygen from the 
red blood cells is effected either by physical means such as exposure of the 
blood to low barometric pressure (vacuum pump)? or at normal barometric 
pressure by displacement of the oxygen by equilibration of the blood sample with 
gases such as hydrogen, nitrous oxide, carbon dioxide, or nitrogen.’ Oxygen 
and carbon monoxide cause prompt reversion to the discoidal form. A second 
principle employed is the reduction of the oxygen tension in the blood by deny- 
ing access of more oxygen to the blood while that in the sample is being con- 
sumed metabolically. This may be carried out in vivo by causing stagnation of 
the circulation in a finger? for a few minutes with a tourniquet before with- 
drawal of a drop of capillary blood into formalin solution* or for rapid cover- 
age beneath a coverslip. In vitro the same result may he achieved by allowing 
the consumption of the oxygen, chiefly by the white cells of the blood sample, 
to proceed in a sealed cover slip preparation.'? The utilization of oxygen in 
such a system may be accelerated by incubation at body temperature or by the 
addition of leucoeytest or of aerobic bacteria. These methods are effective 
but do have the disadvantage of requiring special equipment such as vacuum 
pump, gas equilibration chamber, oxygen-free gases, stool filtrates, bacterial 
cultures or incubator. 
METHOD 
The simple method described here depends upon another principle, namely the reduc 

tion of the hemoglobin of the red cells by a chemical agent. Besides a drop of blood 
which may be eapillary blood taken directly from the ear or finger tip, or venous blood 


lefibrinated or oxalated ), only a microscope, microscopic slides and cover slips, and the 


reducing agent are required. Its only disadvantage is that because of the rapidity of its 
action it fails to distinguish the different susceptibilities to sickling of the red cells of aetive 
sickle cell disease and of the sickle cell trait. After trying several substances, ascorbie acid 
in the form of Cevalin* was chosen. It is readily available in the form of a buffered 


10 per cent solution of the sodium salt with a pH of about 6.5 in sealed glass ampules 
ontaining 5 cubie centimeters. Beeause this particular solution when diluted with water 
to a concentration of 2.06 per cent was found to be approximately isotonie for red cells, a small 
umount of a 2 per cent solution is prepared, preferably from a freshly opened ampule, by 
tivefold dilution with water immediately before use. 
The test has been in routine use in the Thorndike Memorial Laboratory of the Boston 
ty Hospital for nearly two vears and during this time has been taught to all Harvard 
econd year medical students. The performance of the test is as follows. A small drop of 
e blood to be tested is placed upon a glass microscope slide and mixed with 1 or 2 drops 
f the diluted aseorbie acid solution, The mixture is at once covered with a glass cover 
lip on which pressure is momentarily exerted in order to extrude excess blood and produce 
blood film sufficiently thin to permit satisfactory examination of individual red cells using 
e high-power dry objective of the microscope. The preparation is inspected for the presence 
sickling at fifteen minute or other convenient intervals while standing at room temperature. 
In originally determining the efficacy of the method, the cover slips were sealed at 
e edges with hot paraffin for additional protection against the entrance of oxvgen. 
mtrol preparations were set up in a similar fashion except that either a drop of blood 
*Kindly supplied by Mr. George B. Walden of Eli Lilly & Company, Indianapolis, Ind. 
cording to Mr. Walden the composition of 100 ¢.c. of the solution, covered by a patent is 


1940, is as follows: ascorbie acid, 11.0 Gm.; sodium carbonate, anhydrous powder, 3.25 
lium metabisulfite, 0.55 gram. 
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alone or a drop of blood mixed with 1 or 2 drops of 0.85 per cent sodium chloride solution 
was sealed beneath the cover slip. In practice, only the preparation containing the ascorbic 


acid solution need be made, and the sealing of the cover slip with paraffin is unnecessary. 


RESULTS 

In Table | are shown the results of eighty tests for sickling made at various 
times on the blood of fourteen patients with sicklemia, including both anemic 
and nonanemie individuals. In 75 per cent of the samples, definite sickling 
appeared within one hour when the 2 per cent ascorbic acid solution was used 
as described. Sickling was present in all by the end of 3.5 hours at room tem- 
perature. On the contrary, in none of fifty control samples of blood from the 
same patients to which either nothing had been added or, in most instances, 
2 drops of 0.85 per cent sodium chloride had been added did sickling appear 
within an hour. Indeed, sickling was present in only about 13 per cent of the 
control samples at the end of three hours, and after twenty hours 11 per cent 


of the control samples still failed to exhibit sickling. 


TABLE I. EFFECT OF A BUFFERED 2 PER CENT SOLUTION OF ASCORBIC ACID CONTAINING 0.11 
PER CENT SopiumM BISULFITE ON THE RATE OF FORMATION OF SICKLED CELLS IN SEALED 


WetT COvER SLIP PREPARATIONS OF THE BLOOD OF FOURTEEN PATIENTS WITH SICKLEMIA 


INTERVAL RI 


EIGHTY EXPERIMENTS CONTROLS 
QUIRED FOR DEF 
INITE SICKLING POSITIVE TESTS NUMBER OF POSITIVE TESTS 
HR, ) NUMBER PERCENTAGE CONTROLS NUMBER PERCENTAGE 
0.25 9 1133 a2 (0) 0) 
0.5 27 22.0 oO) 0) 0) 
0.75 36 13.8 50 () 0) 
1.0 60 75.0 5 () () 
1.5 66 89.5 13 2 14 
2.0 77 96.2 OT 2 5.4 
BS 7s 97.5 2 2 6.3 
OO 79 QS 30 | 13.3 
3.5 S0) 100 28 { 14.3 
5.0 24 7 29.2 
10 15 1] 1320 
20) a8) t] 89.1 


: The figures given are summations of the number or percentage of preparations exhibiting 
» to 20 per cent sickling at the interval stated. The time for the performance of the observa 
tions on the controls at five and ten hours occurred in many instances during the night and 


is a result an inspection Was not made. Once the preparation containing ascorbic acid had 
become sickled, inspection of the controls tended to become less frequent. These factors le: 
to the reduction in the number of controls observed in the interval between 1.5 and 20 hour 


is shown in the table. 








DISCUSSION 


That the effect of the ascorbie acid solution in causing sickling was in fact 
due to the reduction of the hemoglobin and not to some other action was proved 
by its inability to produce sickling in a hanging drop preparation, that is, on 
freely exposed to air. The reducing action of the ascorbic acid solution, how 
ever, for the purposes of the test described here, was shown to be independen 
of the rate of metabolic consumption of oxygen by the leucocytes in the prepara 
tion. Thus, high and low white blood cell counts respectively were artificiall: 
produced in different portions of a single sample of heparinized venous bloo: 
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from a patient with sicklemia. By centrifugalization of the original sample 
which contained 7,200 white cells per cubic millimeter, removal of the buffy 
coat and its addition to another portion of the sample, two portions were ob- 
tained which contained respectively 4,000 and 38,300 white cells per cubie milli- 
meter. As was to be expected from the results of others* in similar experiments, 
sickling appeared in a sealed preparation of the blood with the high white blood 
cell count within forty-five minutes, but failed to appear in similar preparations 
of the original blood and of the blood with the low white blood cell count even 
after fifteen hours. On the other hand, when to a drop of each of the three 
samples of blood was added a drop of the 2 per cent ascorbie acid solution in a 
sealed cover slip preparation, sickling appeared within one hour in the blood 
with the low white blood cell count and was observed to appear only a few 
minutes earlier in the other two specimens. 

That besides the times saved in its performance, the use of the ascorbie 
acid solution enhances the accuraey of the sickling test is suggested by the faet 
that about 10 per cent of the controls, as shown in Table I, still failed to show 
sickling after twenty hours at room temperature. That acceleration of the proe- 
ess of sickling, which usually results from the incubation of the specimen, may 
not avoid this difficulty is suggested by the recent observations of Shen, Flem- 


4 


ing, and Castle'* who found that the red cells of patients with sickle cell dis- 


ease may fail to sickle if the blood has been incubated for twenty-four hours 
at 37.5° C. in the presence of oxygen. Thus in actual practice it appears pos- 
sible that if sickling in the sealed preparation in the usual clinical test is suffi- 
clently delayed, the red cells of the specimen may lose, more or less completely, 
the power to become sickled. Possibly an unusually slow consumption of oxygen 
in specimens of blood containing relatively few leucocytes may be responsible 
for the negative results among the control specimens. At any rate, occasionally 
it has been our experience in the past that sickling has failed to appear in 
sealed cover slip preparations even when they were kept in the incubator for 
twenty-four hours, whereas sickling was readily demonstrable in the fresh blood 
upon exposure to carbon dioxide gas. 

Reducing agents such as methylene blue, potassium ferrocyanide, thiogly- 
‘olate, and laetie and succinic acids were not as efficient as the buffered 2 per 
ent solution of ascorbic acid for the performance of the sickling test. That 
ther reducing substances may be employed successfully was suggested to us 
t the completion of these studies by the report of da Silva'’ who states that 

2 per cent aqueous solution of sodium hydrosulfite caused rapid sickling in 
nsealed cover slip preparations of sicklemia blood. We found this particular 
ompound, Na,S.O,,* not very active. Sodium thiosulfate, Na.S.O, - 5H,0,7 in 
per cent solution eaused no sickling at the end of fifteen hours. Sodium bi- 
fite, Na,S,O.,* however, in 2 per cent solution in water caused sickling of the 
ame blood in fifteen or thirty minutes. 


*J. T. Baker Chemical Co., Phillipsburg, N. J. 
*Merck and Company, Inc., Rahway, N. J. 
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Sodium bisulfite (metabisulfite), which is present in a concentration of 0.55 
per cent as a stabilizer of the sodium ascorbate in Cevalin, undoubtedly adds to 
the reducing power of that solution. However, a 2 per cent solution of ascorbic 
acid brought to pH 6.5 with sodium carbonate and without added bisulfite pro- 
duced sickling within an hour, A 0.11 per cent solution of sodium bisulfite in 
0.55 per cent sodium chloride, which is the concentration of bisulfite in the five- 
fold dilution of the Cevalin, appeared to be about as active as the diluted Cevalin 
itself. The 2 per cent solution of sodium bisulfite was without question the 
most active of the substances tested. (See Addendum. 

The probability that solutions of any reducing agent may deteriorate on 
standing exposed to air suggests the desirability of using solutions freshly pre- 
pared from the salt. This is easily done with sodium bisulfite, but crystalline 
ascorbie acid proved to be entirely too acid and consequently injurious to the 
red cells without the addition of alkah. Even after opening the ampule, how 
ever, Cevalin appears to keep its reducing properties in the icebox for some 
days although its exact rate of deterioration has not been ascertained.  Al- 
though not as rapid in its action as the 2 per cent aqueous solution of sodium 
bisulfite, it has the practical advantage of requiring only simple dilution rather 
than weighing in its preparation. 

Because formalin is a reducing agent it was assumed that for this reason 


tissues from patients with sicklemia when fixed with this substance more clearly 





exhibit sickling of the erythrocytes than do tissues fixed with Zenker’s fluid. 
This property of formalin is, however, not the explanation since experiments in 
which either previously sickled or unsickled red cells were mixed anaerobically 
with 10 per cent formalin in 0.85 per cent sodium chloride solution showed that 
the formalin fixed the red cells in whichever phase they were exposed to it. It 
should be pointed out, however, that the presence of sickled red cells in’ the 
capillaries of formalin-fixed tissues, though valid evidence of the sickle cell trait, 
does not necessarily demonstrate to what extent sickling was present during life. 
Sufficient anoxia to cause extensive erythrocyte sickling may have oecurred only 
as an agonal event or only after the circulation had ceased with death or at the 
time of the surgical removal of the tissue. In contrast to formalin, Zenker’s 
Huid without added acetic acid when diluted to 10 per cent with 0.85 per cent 


solution of sodium chloride readily caused reversion of sickled red cells to more 





or less normal appearing discoidal forms. It is therefore probably because of 
this effect that the tissues of patients with sicklemia when fixed with Zenker’s 


fluid may not show the characteristically shaped red cells. 


SUMMARY 







A simple and rapid method of producing sickling of the red blood cells in 
wet cover slip preparations of the blood of patients with sicklemia is deseribed 
The principle on which the test is based is the production of reduced hemo 
globin in the red cells by the addition of a reducing agent. In order to per 
form the test, a drop of a fivefold aqueous dilution of Cevalin (approximating : 
2 per cent solution of buffered ascorbic acid and also containing 0.11 per cent 





































METHOD FOR DEMONSTRATING SICKLING OF RED BLOOD CELLS LOST 


sodium bisulfite) or a drop of 2 per cent sodium bisulfite, Na,S.O,, is added to a 
small drop of the patient’s blood on a glass microscope slide. After mixing, a 
cover slip is dropped on the preparation and excess blood is expressed by gentle 
pressure in order to produce a film of blood sufficiently thin to permit inspection 
of individual red cells under the high-power dry objective of the microscope. 
With the diluted Cevalin solution, sickling of the blood usually appeared within 
an hour, and with the 2 per cent bisulfite solution it was often present within 
fifteen minutes at room temperature. 

Appropriate experiments demonstrated that the rate of sickling of the red 
blood cells caused by the ascorbic acid solution is, for the practical purposes of 
this test, unaffected by the rate of metabolie consumption of the oxygen by the 
white blood cells of the specimen. It was shown that formalin, although a re- 
ducing agent, promptly fixes the red blood cells in whichever form they are ex- 
posed to it, whether sickled or unsickled. Zenker’s fluid, however, caused al- 
ready sickled erythrocytes to reassume a discoidal appearance, which probably 
accounts for the fact that histologic preparations of tissues from patients with 
sicklemia when fixed with Zenker’s fluid may not exhibit sickled red cells in 


the capillaries as clearly as when the tissues are fixed with formalin. 


ADDENDUM 


Since this article went to press, two communications have been reported, Dr, Janet 
Watson, of the Long Island College of Medicine, has reported by personal communication 
observations made by Dr. James MeGovern, of Bellevue Hospital, New York, These investi- 
gators observed sickling in cover slip preparations, occurring in less than five minutes when 
using a 1 per cent solution of sodium acid sulfite (bisulfite) NaHSO,-Baker, The first appear 
ance of any sickled cells around the periphery of the cover slip preparations was considered 


as the end point. 

Dr. Louis Thomas and Dr, Chandler A. Stetson, Jr., have recently made a preliminary 
report on ‘*Sulfhydryl Compounds and the Sickling Phenomenon,’’* These authors report 
sickling in less than one-half hour in wet preparations made with reducing substances such 


as a saturated solution of hydrogen sulfide, cysteine (0.5 molar solution), and BAL (0.1 molar 


solution of 2,3-dimercaptopropanol 
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ANTI-A AND ANTI-B ISOAGGLUTININ TITERS IN 
Ru-IMMUNIZED PREGNANT WOMEN 


O. J. BRENDEMOEN, M.D., AND C. BRENDEMOEN, M.D. 
Oso, NORWAY 


ILE discovery of the ABO blood types, their heredity and antigenic proper- 

ties, and their significance in blood transfusions brought forth many years 
ago the question whether ABO incompatibility during pregnancy might be 
responsible for disease during pregnancy or in the newborn infant. Very few 
convincing cases have been reported presenting conclusive evidence that ABO 
incompatibility may be of pathologic importance during pregnaney.' * 

On the other hand, the antigenic properties of the A and B blood groups 
in pregnancies with ABO incompatibility have been demonstrated several times. 

Jonsson® was the first to demonstrate the presence of potent anti-A and 
anti-B lysins in the mothers about three months after the delivery as a rather 
selective response to A or B antigen in the fetus. 

Boorman and co-workers! and Smith’ have confirmed this by studying 
isoagglutinin titers. They found only a slight increase during pregnancy, but 
a rapid and marked increase was seen shortly after delivery. Smith found this 
increase of titer only in cases where the infants were secretors. 

The discovery of incompatibility in the Rh-system as the most common 
cause of hemolytic disease in the newborn infant gave rise to new problems 
such as: Why is Rh immunization during pregnancy not a more common oecur- 
rence in view of the fact that the possibility of Rh immunization so often exists? 
And another question: Is there any relation between Rh and A or B immu- 
nization ? 

With regard to the latter question Levine® has found a somewhat higher 
incidence of Rh immunization in ABO compatible pregnancies. Chown’ and 
Davidsohn* found an increased AB incidence in Rh-immunized women. On 
the other hand, Gureviteh and co-workers® have published two cases where 
there apparently might have been a positive correlation between A and Rh im- 
munization. In conformity with this, Wiener’? has found in Rh-immunized 
women who have borne A or B ehildren in ABO incompatible pregnancies a high 
anti-A or anti-B titer respectively. 

This study, which is based upon blood samples from pregnant women, aims 
at an investigation of anti-A and anti-B isoagglutinin titers in Rh-immunized 
women compared with adequate control material. The results thus obtained 
necessitated an investigation of the various anti-Rh fractions. The work was 
‘arried out during the autumn of 1947. 


Received for publication, May 38, 1948. 
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MATERIAL AND METHODS 


Material.—The anti-Rh-containing sera which were examined were samp'es obtained 
from women in the last two months of pregnancy, Of 25,000 samples S7 contained Rh 
antibody. 

Methods for Routine Rh Determination.—The samples were tested for Rh in the usual 
manner, Cells from the coagula were suspended to 2 per cent in saline. One drop of the 
suspension was mixed in small test tubes with 1 drop of anti-Rh serum. The tubes were in 
cubated at 357° C. for two hours, and the sediment then was examined for agglutination on 
slides under the microscope. Two different anti-Rh testing sera were used parallelly, one 
containing anti-D only and one containing anti-D C, both possessing good agglutinating 
power in saline media. Sera from all samples, including Rh-positive ones, were tested by 
the same technique against a panel of Rh-genotyped O cells. Three drops of serum plus 1 
drop of a 2 per cent suspension of cells in saline were used. Sera giving dubious reactions 
and sera from Rh-negative individuals to a great extent were examined also by Diamond's 
slide test or tested against cells suspended in serum and/or albumin and also partly tested 
by the Coombs’ technique. 

Storage and Control.—The Rh-containing sera were stored at lo’ C., and groups of 
thirty sera then were tested. As a control for the isoagglutinins anti-A and anti-B, 100 
sera from Rh-negative pregnant women who were not immunized and 100 sera from R-posi 
tive pregnant women were used. The control sera were picked out at random over a period 
of six months and were stored and handled in the same way as the sera containing Rh 
antibody. 

Determination of the Various Anti-Rh Fractions Contained in Rh Sera.—The anti-D 
fraction contained in the anti-Rh sera was determined by titration both in serum and in 


saline media against O R,r cells suspended in serum and in saline respectively. The serum 


»* 


> 


media used were mixtures of fresh O Rh+ sera from blood donors. The titration was per 
formed in relatively large Rh test tubes with a relatively heavy calibered capillary pipette 
graded to approximately 0.06 cubic centimeters. The same pipette was used for the dis 
tribution of dilution fluid and for the distribution of the suspension of cells. After incuba 
tion for two hours at 37° C. the test was read microscopically. 

The sera were also tested against O R’r and O R’”r cells to ascertain the content of 
anti-C and anti-E agglutinins. Two drops of the serum were mixed with 1 drop of the cells 
suspended in saline. All of the eighty seven anti-Rh sera also were tested to ascertain the 
content of anti-C* agglutinin, all sera being parallelly tested against O R,*r and O Ry 
cells in which D-antigen was blocked. Blocking was performed with a serum containing 
anti-D + E exclusively in incomplete form (blocking serum taken post partum after the 
third stillbirth in an Rh-negative woman who was married to an R,r or R,R, man). One 


> w ) 


volume of washed, packed O R,*r and O R,r cells was mixed with 50 volumes of a 25 pel 
cent blocking serum in saline, incubated for fifteen minutes at 37° C., centrifugated and 
washed with saline once, and then suspended to 2 per cent in saline. One drop of this sus 
pension was added to 2 drops of anti-Rh serum. Otherwise the usual technique was used. 

Determination of Anti-A and Anti-B Tsoaglutinins.—The anti-A and anti-B isoagelu 
tinins in all three groups were then determined in parallel series against the same Rh-positive 
A, and B eells from fresh coagula. The cells were suspended to an approximately 1 per 
cent suspension in isotonic saline. The titrations were performed in successively doubled 
dilutions in test tubes. The volumes of each serum dilution and cell suspension were 0.2 
eubiec centimeter. The test tube racks were then placed overnight at 45° C. and afterwards 
for one hour at room temperature. The reading of end point titers was done macroscopically 
against a strongly illuminated white background, direct illumination on the tube was 
avoided. 


RESULTS 


For calculating the titer results the log» of the conventional titer values 
was used (titer step values). The sera agglutinating cells in the first tube onl) 
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then have the titer value 1. In Tables I and II the arithmetic averages for the 
titer values in the various groups are recorded with the deviation of the means: 
! J , , 

| } oe = 4h 


Ul \ 


Where X is the single observation in the eroup 


(n—l) n 


Where X is the arithmetic average in the group 
Where n is the number of observations in the group 
Whether differences between the average values had any real, statistical 
X Xo 
Vow 


the deviation of the difference. 


importance was tested with the formula { 
which is the difference divided by That t is 
ereater than 3 was taken as a sign that the difference is real (not due to chance 

Furthermore, some correlation coefficients (r) were calculated even though 
the material really was too small for such an analysis: 


r - | where o X \ 


is the deviation of X in the group. 
The Antibody Content in the Sera, 
cells in saline medium was seen in five sera. that is no ag@lutination in the first 


Prozone phenomenon against O R, r 


or in the second and third tube, no prozone in serum medium. <A. relatively 


large number (four) of the sera contained anti-D)» C> KE. For three of these sera 
some kind of family control was obtained : 


, D+, E4, e 


Rh-negative multiparas married to 
men of the genotype C 


TABLE I, ANTI-D TITERS AND THE CONTENT OF ANTI-C, C’, E IN ANTI-RH SERA AND THI 
DISTRIBUTION TO THE ABO SYSTEM 
ARO | TYPE OF Rh AVERAGE OF ANTI-D TITERS 
'YPE ANTIBODY NUMBER NaCl MEDIUM SERUM MEDIUM 
t 2.80) 
Anti-D > only 23 2.39+ 0.50 < > 191+ 0.74 
Anti-D+C g t 1 
A Anti-D+C+C* 6 { 1.58 { 1.74 
Anti-D LK 1 
t ,. 8D v 
Anti-D+C +E 3 DoF O47 > 6.644 0.65 
1.66 
Anti-D only 15 253+ 0.62 i t.13+ 0.73 
Anti-D+C 1] t t 
S } ‘ Yw . | 
O Anti-D+¢ ( ; 6 | 1.64 t 2 G0 
Anti-D +E l 
‘ 5.19 * 
Anti-D+C +E l 3.99+ 0.54 . 6.S89+ 0.76 
B Anti-D only 5 5.202 1.28 3.60+ 1.16 
: Anti-D only 2 
AB as 9 224 ra 
l 1.0+ 0.0 2 66 1.66 


Anti 


D+C 
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The distribution of the anti-Rh-containing sera to the ABO and MN sys- 
tem was within normal limits. 

The effect of the serum medium on the anti-D titer values is so marked 
in the complex anti-Rh sera (those containing anti-D; C, CY’, E) that the 
difference between the anti-D titer values in serum medium and saline medium 
is of statistical importance. The correlation between titer values for anti-D 
in serum medium and in saline medium is determined by the following corre- 
lation coefficients : 

In A blood: Yanti_p naci, anti-D serum 0.34 


In O blood : Panti-D NaCl, anti-D serum 0.60 


TABLE IIT. AVERAGE TITERS FOR ISOAGGLUTININS: ANTI-B AND ANTI-A 





GROUP I GROUP II GROUP III 
Rh NEGATIVE Rh POSITIVE Rh NEGATIVE : 
ABO WITH WITHOUT WITHOUT ( 
TYPE rITER Rh ANTIBODIES Rh ANTIBODIES Rh ANTIBODIES 
{ 
Anti-B 6.06 ‘Fl ios 
A a 0.25 0.15 0.18 
Number 15 51 49 
Anti-B 6.41 7.40 By 3 
bh 0.22 0.15 0.19 
O Number 34 10 4] ( 
Anti-A 7.79 7.60 7.81 | 
u O30 0.16 0,16 
Number 34 10) 4] 
Anti-A 7.20 7.89 7.70 t 
B u 0.37 0.24 0.25 | 
Number 5 Y 10 
V 
Table Il shows that the anti-B titers in A and O blood in Rh-negative A 
women with Rh antibody are considerably lower than in the control group, while d 
the anti-A titers in O and B blood show no noticeable difference between the 
groups. The difference in anti-B titers was tested by the method previousl 
outlined. 
ANTI-B TITERS IN A BLOOD ANTI-B TITERS IN O BLOOD : 
Group III against I t 4.67 Group IIT against I t 4.55 
Group II against | t 3.63 Group II against I t 3.72 
Group III against IT t 1.65 Group IIIT against IT t 1.38 : 


Thus it appears that the low anti-B titers in Rh-negative women with RI 
antibody compared with the control groups give differences which are too large 
to be caused by chance. <A similar testing of the anti-A titers in O blood gav 
values less than 1. The low anti-B titers in Rh-negative, Rh-immunized women 
suggests that there may be an antagonism between anti-B and anti-Rh, and 
furthermore, a possible negative correlation between the anti-B titers deter 
mined against B Rh+ cells and the anti-D titers determined against O R, r cells 
The correlation coefficient for the connection between anti-B titers and anti-] 
titers in saline medium, and between anti-B titers and anti-D titers in seru 
medium was calculated therefore, even though the material was too small fo 
such an analysis. 

CORRELATION COEFFICIENTS (T) IN 
A BLOOD 0 BLOOD 


Poneige ees ata + 0.43 + 0:02 
rs ti-B anti-D in serum medium — — 0.05 v 0.11 
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That means that a simple negative correlation between anti-B and anti-D 
titers cannot be demonstrated, 
COMMENT 


It is possible that the average age of Rh-negative, Rh-immunized women 
is somewhat higher than that of the control group. It is a facet that the isoagelu- 
tinin titers decrease with increasing age after adult life. Titratine the anti-B 
In about 1,200 women of various ages, Hartmann" found a decrease of the 
average titer of approximately one-third titer step among women between 18 
and 50 years of age. The anti-A titers were determined in the same way in 
about 700 women, and the decrease with age in titer values paralleled the de- 
crease in anti-B titer. The anti-B titer in Rh-negative, Rh-immunized women is 
a whole titer step lower than the anti-B titers in the control group, while the 
corresponding anti-A titers show neither systematic nor definite statistical 
difference. A possible difference in age in the three groups does not, therefore, 


explain why the anti-B titer is so low in Rh-negative, Rh-immunized women. 


SUM MARY 


Eighty-seven antenatal anti-Rh sera were tested to ascertain the ABO-MN 
distribution and the content of various fractions of Rh anti-body and the anti- 
B and anti-A isoagglutinin titers. 

The ABO and MN distribution was within normal limits. Lower anti-B 
titers are found in Rh-negative women with Rh antibodies compared with 
Rh-negative women without Rh antibodies and also compared with Rh-positive 
women. The difference (one titer step) is too large to be caused by chance. 
A possible negative correlation between anti-D and anti-B titers cannot be 
demonstrated. 
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FACTORS IN THE USE OF MERCURIC BICHLORIDE 
FOR BIOLOGIC STUDIES 


WITH ESPECIAL REFERENCE TO BLOOD COUNTS 


KpNA H. Tompkins, M.D. 
NEW HAVEN, CONN. 


AYEM?! first used the solution which has come to be designated by his name 

in order to meet his need of a diluent for experimental studies with blood. 
He simply adapted to his needs a fixative which he was accustomed to use for 
tissues In general. Its widespread adoption came about during the early phases 
of quantitative blood studies before demands for stringent accuracy had been 
formulated. Various workers have found inadequacies of distribution in its 
use and have offered formulas for other diluents as well as suggestions to lessen 
this difficulty with Hayem’s solution. The errors in distribution in the use of 
the solution usually have been attributed to clumping or balling of cells in the 
diluting pipettes, though Jérgensen® also found unequal distribution on the 
counting chamber filled in the manner then in vogue. The clumping usually 
was ascribed to the age of the diluent and to a precipitate that may occur with 
age. Upon development of their mechanical rotor for mixing blood, Bryan and 
Garrey® found that while avoidance of these factors represents important pre- 
cautions, it is safer to use a diluent for red blood counts that does not contain 
bichloride. They suggest the use of Toison’s solution. They found the distri- 
bution of cells to be very exact when the rotor was used for white counts. 
Clumping does not occur in white counts. Ch’u and Forkner* also found that 
the presence of bichloride in the diluent causes clumping in certain pathologic 
blood, even when the pipettes are shaken by hand. They suggest that the 
clumping is due to the effects of the bichloride on the plasma proteins, but they 
did not investigate the problem from that angle and confined their studies to 
substitution of a different diluent, Gower’s solution. These as well as other 
suggestions for substitution of different diluents never have received genera! 
adoption, and Hayvem’s solution has continued to be the diluent in common 
use without regard for the dangers of distribution inherent in its use. The 
causes underlying the inequalities of distribution in the use of bichloride fo. 
diluents were not investigated. Examination of the causes was, therefore 
undertaken in an effort to so modify the formula of Hayem’s solution as t 
avoid the dangers inherent in it, rather than to attempt further substitution o 
a different diluent. 

It was found that satisfactory modification of Hayem’s formula is possib! 
from either of two approaches: (1) the content of bichloride ean be reduced 1 
low as that in Jorgensen’s solution, together with careful regulation of the p! 


From the Laboratory of Applied Physiology, Yale University. 
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) 


within a narrow zone, or (2) a protective substance, such as gelatin or lecithin, 


can be added to the formula for Hayem’s solution without consideration of pH 
up to 7.0. Use of gelatin was found to be the more practical method. The ad- 
vantages of its use, preparation of the solution, and comparison between counts 
made with it and with Hayem’s solution without gelatin or with Jorgensen’s 
solution have been published briefly.” The studies that follow are those that 
were carried out to determine the causes that underlie the clumping of blood 
with diluents that contain bichloride and the factors that operate in the pre- 
vention afforded by the methods found. They are presented not only because 
of their pertinence to the use of diluents which contain mereuric bichloride for 
blood counts, but also because they indicate the significance of the pH and ionic 
content of diagnostic and therapeutic agents in the precipitative, agglutinative, 
and colloidal phenomena of the blood 


METHODS 


The studies required approach from several aspects and it seems preferable therefore, 


n the whole, to describe the methods employed as each group of findings is presented. 


Consequently only those procedures will be described at this point which were used routinely 
to determine the data for each set of experiments. 

All of the studies were made upon the blood of a single individual. Except where the 
studies were made on fractions of whole blood, all studies were made by drawing blood into 
automatic pipettes, both Trenner and Haak, from a freely flowing finger stick and imme 
diately diluting with the desired solution, The pipettes were shaken a few times by hand 


and then rotated for thirty minutes o 


longer on a commercial model of the Bryan-Garrey 
rotor. Control studies made with one of the original rotors were entirely similar. The 
gentleness and smoothness of the movements of the rotor, together with the facet that it 
nixes in fixed planes, permit detection of very slight degrees of precipitation or aggregation, 
and therefore facilitated in the elucidation of the underlying factors that feature in the 


n blood counts. 


occurrence and prevention of clumping 


The occurrence of precipitation, aggregation, clumping and so on in the pipettes was 
letermined by microscopie inspection of counting chambers filled as for counts. Levy 
Hlausser chambers with improved Neubauer ruling were used. 

The determinations of the hydrogen-ion concentrations of the solutions were made by 
means of a Hellige pli meter to which were attached the glass electrode and calomel tube 

a Beckmann meter, Solutions of HCl and NaOH were used for adjustments of pH. 
Glass weighing bottles were used as containers for the solutions and the pipettes were filled 


ectly from them immediately after adjustment. The fluid from the pipettes was, in turn, 


pressed directly into cups when the pH of the contents was to be determined. 


PRESENTATION AND DISCUSSION OF EXPERIMENTAL DATA 


The experimental data are presented in Tables I to 1V and in Fig. 1. The 
ilues for pI stated in the following studies and recorded in the tables repre- 
it the pH of the diluents before they were mixed in the pipettes with the 
blood or fractions thereof. The pH readings of the resultant mixtures were 
«ified according to the buffering action of the different biologie fluids, and 
curves are given in Fig. 1 to show the readings of the mixtures under various 
experimental conditions. The pI readings of the original diluents before ex- 
perimental adjustments were as follows: Hayem’s solution, 5.3; Havem’s solu- 
tion plus gelatin, 4.9; JoOrgensen’s solution, 5.3; saline base, 6.0. All pH values 
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are recorded, approximately, to the nearest 0.5 reading. Blank recordings indi- 
eate lack of data at those values. Absence of reaction (that is precipitation, 
ageregation, or clumping) at any particular value is tabulated as zero. The pres- 
ence of reaction at any pH reading is indicated by a plus sign. It does not 
seem important to indicate the degree or qualitative characteristics of the re- 
action since these are regulated, in large part, by combinations of factors such 
as the physical characteristics of any particular precipitation and its capacity 
to be rolled into balls and to catch cells, by the presene or absence of plasma 


or serum in any particular test of the series, by surface forces of the cells, 
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Fig. 1.—Change in pH of diluents by admixture with whole btood or plasma. 


irrespective ot precipitation within the plasma, and so forth. It is these factors 
which are often counteracted by vigorous shaking with the result that the un- 
derlying precipitation or aggregation is obscured. Therefore only the presence 
or absence of reaction in the pipettes at any given pH with any given diluent 
is tabulated, without record of the physical state of the reaction. The latter will 
be described and discussed where it seems significant to the understanding of 
the factors involved in its formation. Differentiation between certain terms 
used in these discussions may be aided by definition at this pont. The term pre 
cipitation is employed to indicate the occurrence of diffuse, fine, crystalline par 
ticles throughout the menstruum. The terms ageregation and agelutination are 
employed synonymously to indicate close adherence of erythrocytes to each 
other without adhesive mechanism that is microscopically visible. The two 
states differ, apparently, only in the number of cells adherent to each other 
Ageglutination apparently represents aggregation of sufficient cells to cause 
settling of the masses. The terms clumping and balling are used synonymousl\ 
to indicate the conditions usually met in whole blood when cells and precipitat: 


unite in fibrinous masses. 
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Action of Bichloride as a Firative.—Studies made by the addition of other 
unrelated tissue fixatives to the saline base of Hayvem’s or Jorgensen’s solu- 
tion indicate that the clumping effect on blood of diluents that contain. bi- 
chloride (Fig. 2, 3 to 6) is related to its action as a biologie fixative. The solu- 
tions to be tested were mixed with whole blood in pipettes and rotated for a 
short period in the manner used in making blood counts with Hayem’s or Jor 
gensen’s solution. The saline base alone caused no clumping and only ques- 
tionable Ivsis at the hydrogen-ion concentrations under study (Table I). Addi- 
tion of absolute alcohol to the saline base in dilutions up to 90 per cent by vol- 
ume caused lysis; above that it caused clumping similar to the clumping ob- 
served with Hayem’s solution. The same statements hold for solutions of sa- 
line base and acetone. They caused lysis in dilutions up to 55 volumes per cent 
and clumping above that proportion. Formalin caused lysis when the pH was 
below 5.0. Above that, formalin caused neither lysis nor clumping in concentra- 
tions between 10 and 60 volumes per cent. Concentrations above that caused 


clumping. In similar manner a balance was found to exist between hemolysis 


TABLE IT. EFFECT oF PH ON CLUMPING OF WHOLE BLOOD WITH DIFFERENT DILUENTS 


PH 
DILUENT 3.5 4.0 1.5 50 50 6.0 | 6.5 7.0 7.0 8.0 
Jorgensen ’s with 25% HgCl L L L, L L 
() {) { () 
With 50% Hel L L L, L 
With 75% Hel I, L, L 
{ } } 0) () {) 
With 100% We, L L 
\ () (0) () (0) 
With 125% HegCl L L 
{ () 0) 0 0 
Witl 150% HeCl, 4 ! 0) 0 0 ft) 
With 100% Hel, plus 0 0 0 i) 0 0 0) + 
elatin 
Havem’s r + + 
P] velatin 0 () (0) 0) 0 0 () 
Saline base L,? 
0) () 0) 0) () 0) 
Plus gelatin 0 0 v 
Saline base plus 2 drops + + 0) 0) 0 
Na2WO4t 
Plus 5 drops Na2WO4 
P| 10 drops Na2WO4 : } : - + - 4 
P] 10 drops Na2WO4 
Pus gelatin } n () 0 0) 


Positive reaction in the form of precipitation, aggregation, agglutination, or clumping: 
opalescence, but no frank precipitate; L, some degree of lysis; 0, no visible reaction; 
ank, no studies made. 
*The percentages of HgCl: recorded with the dilutions of J&6rgensen’s solution refer to 
e€ amount of HgCl. used compared with the normal amout for JOrgensen’s solution. 
rAll solutions of NaW0O4 were made by use of the same dropper and a 10 per cent stock 
lution, 
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and clumping, dependent upon the proportions of dichloride added to the saline 
base (Table 1). When added in the proportion of 25 per cent of the amount in 
Jorgensen’s solution (0.012 Gi. to 100 CC: Ivsis alone occurred below pli 
7.0, and clumping above. In a proportion of 50 per cent of that in JOrgensen’s 
solution both lysis and clumping occurred when the pH was below 7.0, and 
clumping only at higher values. When the content was 75 per cent of that 
in Jorgensen’s solution lysis accompanied by clumping occurred only below pH 
6.0, while clumping alone occurred above pH 7.0. The narrow zone between 
these values was neutral as far as these effects were concerned—neither Ivsis 
nor clumping occurred. With full strength Jérgensen’s solution, that is 0.05 
Gm. per 100 ¢.¢., the neutral zone was extended somewhat on the acid side but 
otherwise the events were similar to those with 50 per cent concentration. When 
the concentration was 125 per cent of that in Jorgensen’s solution the neutral 
zone was extended still more to the acid side, while the events in the basie di 
rection remained unaltered. At a concentration of 150 per cent of that in 
Jorgensen’s solution, ly SIS ceased and clumpine alone occurred on both sides of 
a neutral zone, and the reactions became more like those obtained with Hayem’s 
solution. With the latter, lysis did not occur at the pI values tested, but 
clumping occurred at all plI levels, with a tendency, however, to a neutral 
zone in the same region as the neutral zones with the weaker solutions. 

It seems obvious therefore that many, if not all, fixatives function in two 
ways. If sufficiently dilute they cause more or Jess lvsis, which may or may 
not be accompanied by clumping of cells that have not been destroyed; the 
liability to lysis is influenced not only by dilution but also by the pH of the 
diluent. If sufficiently concentrated the fixatives no longer cause lysis but 
exert only a clumping action. Experimental explanation of these actions, as 
far as bichloride is concerned, is presented in the FrOUpSs of studies that follow. 

The danger of lysis as well as of clumping in the use of Jorgensen’s solu 
tion as a diluent for red counts, unless the pH is carefully controlled, is ob 


vious. The clinical significance ot this is discussed elsewhere. 


The Re lationship of the pH ol the Diluent to Clumping dn Whol Blood 
(Table 1).—<As stated previously, addition of lecithin or gelatin was found to 


prevent the clumping inherent in the use of Hayem’s solution (Fig. 2, compare 





2 and 7 with 7,5, 4, 5, and 6). The factors involved in this protective action 
Fig. 2.—The low-power magnifications were obtained with a 16 mm. objective and a x15 
la the high-power magnifications, with a 4 mm. objective and 10 ocular. The dilut 
ing pipettes were rotated. for thirty minutes, beginning immediately after filling. 7, Illustrate 
ibout the best distribution obtainable with standard, unadjusted Hayem’s solution. Ever 
n this case the tendency toward aggregation of cells is demonstrable in the form of. tin 
groups scattered here and there. The pH of the Hayvem’s solution was 4.8. 2, Distributior 
Hayem’s solution containing gelatin. The mixture had been left in a Pyrex flask f¢ 
any months. Aggregation of cells did not occur. The pH of the mixture was 4.0. 8, Deta 
if the aggregates in preparation made with Hayem’s solution adjusted to pH 3.1. Small masst 
f lls aggregate rather tightly. Little precipitate occurs in the plasma and, if present, 
rarely becomes intermingled with the aggregates of cells. yj, Same solution as 7 but from 
nt pette The tendency toward aggregation of cells is more pronounced in this prepat 
Same s 4. Detail of the aggregates in preparations made with standard, unadjust 
Hayem’s solutior Only a few cells occur in each aggregate and they are loosely balled wit 
1 soft amorphous precipitate. 6, Detail of the aggregates in preparations made with Hayen 
solution adjusted to pH 7.2. Cells agglutinate into large tight masses and these become e} 
meshed with large amounts of refractive, fibrinous precipitate. 7, Same as 2. Detail of pre 
arations made with Hayem’s solution containing gelatin. There is no tendency towa! 


aggregation of cells and any precipitate remains scattered. 
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have been studied in detail for solutions containing gelatin. The gelatin was 
added in the proportion of 0.01 Gm. to 100 ¢.c¢. of Hayem’s solution. The 
method of preparation and the precautions have been published.’ 

It already has been shown that Hayem’s solution caused clumping of the 
blood at all pHL levels that were studied. It may be seen from Table I that 
when the solution contained gelatin, however, clumping was inhibited below 
pll 7.0. If the proportion of bichloride in the diluent was reduced to that 
in Jérgensen’s solution (as was also discussed in the preceding section) elump- 
ing occurred on both sides of a neutral zone, between pH 5.0 and 7.0, in which 
neither clumping nor lysis occurred. In addition to clumping, lysis of some 
of the cells occurred on the acid side of that zone. As the concentrations of 
bichloride were reduced, lysis and clumping on the acid side of the neutral zone 
took place at increasingly greater pH, with consequent narrowing of the zone. 
As the concentrations of bichloride were increased, lysis and clumping on the 
acid side of the neutral zone occurred only at increasingly lower pil, with 
consequent widening of the zone. When the concentration was sufficient, lysis 
did not occur at all and the reaction became similar to that with Hayem’s 
solution. It may be seen from Table I that gelatin afforded the same protective 
action against clumping with the weaker solutions of bichloride that it did with 
Hayem’s solution. In addition it also protected against the lysis caused py 
weak acid solutions of bichloride. The studies with these weaker solutions re- 
veal, therefore, something of the character of the clumping effect of bichloride 
better than those made with a concentration as great as that in Hayem’s 
solution. They bring out the fact that clumping with bichloride is more intense 
on both sides of a middle zone of pli and that when the solution is weak enough 
a neutral zone at which clumping does not occur becomes definite. Addition 
of gelatin is effective only on the acid side of that zone. 

In addition to the preceding findings with the solutions of bichloride, there 
also were observed qualitative, though not necessarily quantitative, differences 
in the character of the clumping at different levels of pH. At very low values 
the erythrocytes aggregated into groups that seemed free of any surrounding 


material (Fig. 2,3). At higher values they also often were aggregated, but in 
addition they were always enmeshed or embedded in an amorphous or fibrin 
ous background (Fig. 2, 5 and 6). This background varied in appearance: 
from a faintly amorphous character at the lower pH readings to a coarse, re 
fractive, fibrinous nature at the higher readings. The more fibrinous the appear 
ance, the more scattered were the cells in and about the background so that the 
elumps took on the appearance which is commonly observed when clotting has 
been allowed to occur before addition of the diluent. 

When sodium tungstate was substituted for bichloride in the saline bass 
and this diluent was used with whole blood in the same manner as the solutions 
containing bichloride, clumping occurred at all pH values when the metalli 
salt was concentrated, but only at pH 4.0 or below when it was weak (Table | 
Similar to the reaction in solutions containing bichloride, addition of gelatin t 
the diluent prevented clumping in one direction of pH, but in contrast to it: 
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effeet in solutions containing’ bichloride, it prevented clumping in the basie 
instead of the acid direction. In other words, strong and weak concentrations 
of sodium tungstate exerted an effect on whole blood analogous to that of bichlo- 
ride, except that the pH level at which clumping occurred, irrespective of the 
presence of gelatin, was reversed to the acid side. In addition, lysis was not 
detected under any of the experimental circumstances. These reactions be- 
tween whole blood and sodium tungstate will be discussed further under Corre- 
lation and Discussion of Experimental Findings. 

In summary, these studies reveal the following facts: first, with eoneen- 
trated solutions containing bichloride clumping of cells occurred at all pH 
levels, but the character of the clumping varied; second, with weaker solutions 
of bichloride a neutral zone was present at which clumping did not oceur, but 
variable degrees of lysis, as well as clumping, occurred on the acid side of that 
zone and clumping only on the basie side; third, solutions of sodium tung- 
state, instead of bichoride, acted in a manner similar to solutions of bichloride 
except for reversal of the eritieal level of pll; clumping oceurred at. all 
levels with concentrated solutions, but on the acid side only with weak solutions ; 
fourth, gelatin gave protection from the clumping of blood with solutions of 
mereuric bichloride below pH 7.0 or sodium tungstate above pH 6.0. It also 
protected the cells from lysis with weak acid solutions of bichloride. 

It is obvious that clumping of the blood is associated with the presence 
1 metallic salts and is prevented by the addition of gelatin at certain ranges 
of pH, the range varying with the salt employed. The following studies were 
‘arried out to determine the part played by the different fractions of the blood 
in the clumping and the nature of the forces that respond to pH and of those 
that are inhibited by gelatin. 

Studies With Whole Washed Erythrocytes (Table Il . Blood for these 
studies was collected by venous puncture in tubes containing either dried so- 
dium citrate or 1 drop of a concentrated solution of sodium oxalate. The tubes 
were centrifuged and the plasma was collected separately for studies to be 
described later. The cells were washed with about 10 volumes of physiologie sa- 
line, centrifuged, separated, and rewashed until the process had been repeated 
six or more times. The erythrocytes were then suspended in equal volumes of 
saline and the suspension was used with the pipettes and various diluents in 
the manner and under the conditions described in the studies with whole blood. 
"hese plasma-free cells were found to aggregate, or agglutinate, not only with 
'lavem’s solution but also with all dilutions of Jérgensen’s solution employed, 
almost irrespective of the pH. The aggregation was similar to that observed 

ith whole blood in Hayem’s solution at very low pH values (Fig. 2,3). That 
the aggregates appeared free of any amorphous or fibrinous background. 
he aggregation was inhibited by gelatin below pH 6.5. With sodium tung 
tate, on the other hand, aggregation of erythrocytes occurred only on the acid 
side and was unaffected by gelatin. 
It is obvious from these findings that while the fibrinous qualities in the 
imping of whole blood with bichloride are related to the presence of plasma, 
gregation of the erythrocytes is independent of the plasma, Furthermore. 
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have been studied in detail for solutions containing gelatin. The gelatin was 
added in the proportion of 0.01 Gm. to 100 ©. of Hayvem’s solution. The 
method of preparation and the precautions have been published.’ 

It already has been shown that Hayvem’s solution caused clumping of the 
blood at all pil levels that were studied. It may be seen from Table I that 
When the solution contained gelatin, however, clumping was inhibited below 
pil 7.0. If the proportion of bichloride in the diluent was reduced to that 
in Jorgensen’s solution (as was also discussed in the preceding section) ¢lump- 
ing occurred on both sides of a neutral zone, between pH 5.0 and 7.0, in which 
neither clumping nor lysis occurred. In addition to clumping, lysis of some 
of the cells occurred on the acid side of that zone. As the concentrations of 
hichloride were reduced, lysis and clumping on the acid side of the neutral zone 
took place at increasingly greater pH, with consequent narrowing of the zone. 
As the concentrations of bichloride were increased, Ivsis and clumping on the 
acid side of the neutral zone occurred only at increasingly lower pil, with 
consequent widening of the zone. When the concentration was sufficient, Lysis 
did not occur at all and the reaction became similar to that with Hayem’s 
solution. It may be seen from Table [I that gelatin afforded the same protective 
action against clumping with the weaker solutions of biehloride that it did with 
Hayem’s solution. In addition it also protected against the lysis caused by 
weak acid solutions of bichloride. The studies with these weaker solutions re 
veal, therefore, something of the character of the clumping effect of bichloride 
better than those made with a concentration as great as that in Hayem’s 
solution. They bring out the fact that clumping with bichloride is more intense 
on both sides of a middle zone of pH and that when the solution is weak enough 
a neutral zone at which clumping does not occur becomes definite. Addition 
of gelatin is effective only on the acid side of that zone. 

In addition to the preceding findings with the solutions of bichloride, there 
also were observed qualitative, though not necesserily quantitative, differences 
in the character of the clumping at different levels of pH. At very low values 
the erythrocytes aggregated into groups that seemed free of any surrounding 
material (Fig. 2,3). At higher values they also often were aggregated, but in 
addition they were always enmeshed or embedded in an amorphous or fibrin- 
ous background (Fig, 2, 5 and 6). This background varied in appearance 
from a faintly amorphous character at the lower pH readings to a coarse, re 
fractive, fibrinous nature at the higher readings. The more fibrinous the appear 
ance, the more scattered were the cells in and about the background so that the 
clumps took on the appearance which is commonly observed when clotting has 
been allowed to oeceur before addition of the diluent. 

When sodium tungstate was substituted for bichloride in the saline base 
and this diluent was used with whole blood in the same manner as the solutions 
containing bichloride, clumping occurred at all pH values when the metallic 
salt was concentrated, but only at pH 4.0 or below when it was weak (Table | 
Similar to the reaction in solutions containing bichloride, addition of gelatin to 
the diluent prevented clumping in one direction of pH, but in contrast to its 
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effect in solutions containing bichloride, it prevented clumping in the basie 
instead of the acid direction. In other words, strong and weak concentrations 
of sodium tungstate exerted an effect on whole blood analogous to that of bichlo- 
ride, except that the pH level at which clumping occurred, irrespective of the 
presence of gelatin, was reversed to the acid side. In addition, lysis was not 
detected under any of the experimental circumstances. These reactions be- 
tween whole blood and sodium tungstate will be discussed further under Corre- 
lation and Discussion of Experimental Findings. 

In summary, these studies reveal the following facts: first, with concen 
trated solutions containing bichloride clumping of cells occurred at all pi 
levels, but the character of the clumping varied; second, with weaker solutions 
of bichloride a neutral zone was present at which clumping did not oeeur, but 
variable degrees of lysis, as well as clumping, occurred on the acid side of that 
zone and clumping only on the basic side; third, solutions of sodium tung- 
state, instead of bichoride, acted in a manner similar to solutions of bichloride 
except for reversal of the critical level of pll; clumping occurred at all 
levels with concentrated solutions, but on the acid side only with weak solutions ; 
fourth, gelatin gave protection from the clumping of blood with solutions ot 
mereuri¢ bichloride below pH 7.0 or sodium tungstate above pH 6.0. It also 
protected the cells from lysis with weak acid solutions of bichloride. 

It is obvious that clumping of the blood is associated with the presence 
of metallic salts and is prevented by the addition of gelatin at certain ranges 
of pH, the range varying with the salt employed. The following studies were 
carried out to determine the part played by the different fractions of the blood 
in the clumping and the nature of the forces that respond to pH and of those 
that are inhibited by gelatin. 

Studies With Whole Washed Krythrocytes (Tabli Il x Blood for these 
studies was collected by venous puncture in tubes containing either dried so- 
dium citrate or 1 drop of a concentrated solution of sodium oxalate. The tubes 
were centrifuged and the plasma was collected separately for studies to be 
lescribed later. The cells were washed with about 10 volumes of physiologic sa- 
line, centrifuged, separated, and rewashed until the process had been repeated 
six or more times. The erythrocytes were then suspended in equal volumes of 
saline and the suspension was used with the pipettes and various diluents in 
‘he manner and under the conditions described in the studies with whole blood. 
These plasma-free cells were found to aggregate, or agglutinate, not only with 
‘lavem’s solution but also with all dilutions of J6Orgensen’s solution employed, 
lmost irrespective of the pH. The aggregation was similar to that observed 
‘ith whole blood in Hayem’s solution at very low pH values (Fig. 2,3). That 

the aggregates appeared free of any amorphous or fibrinous background. 
he aggregation was inhibited by gelatin below pH 6.5. With sodium tung- 
tate, on the other hand, aggregation of erythrocytes occurred only on the acid 
ide and was unaffected by gelatin. 
It is obvious from these findings that while the fibrinous qualities in the 
umping of whole blood with bichloride are related to the presence of plasma, 
veregation of the erythrocytes is independent of the plasma. Furthermore, 
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it is obvious that plasma actually eives protection from ageregation in. the 
neutral zone when the metallic salt is weak enough. Gelatin acts as a more 
potent protective agent and protects even with strong solutions of the metallic 
salt. 

Lysis did not occur with the weak solutions of bichloride as it did with 
whole blood. It seems probable that the more fragile cells had been lysed auto- 
matically in the process of washing and that the remaining cells were sufficient 


resistant for the conditions of the experiment. 


Studie Ss With Lysed, Washed, Erythroe ytes (Tabli Ww). The saline SUS- , 
pensions of erythrocytes that were used for the preceding studies with whole, 
washed erythroeytes were centrifuged and freed of as much saline as possible. 
They were lysed by the addition of about twice their volume of distilled water. | 
The solutions were centrifuged and the supernatant fluid was filtered through 
TABLE II, Errecr or pH oN CLUMPING OF WASHED RED BLOop CELLS AND FILTERED LYSED 
Rep Bhoop CELLS Wirt) DIFFERENT DILUENTS 
pli ; 
DILUENY 3.3 1.0) 5 5.0 5.5 6.0 O05 7.0 7.0 S.0 s 
Washed Red Blood Cells | 
Jorgensen’s with 25% Hel () | 
With 100% HgCl, 0 0 0 


eelatin 
With 1000, Hel 
With 100% HgCl: plus 0 0 0 0 


gelatin 





Hayem’s 
Plus gelatin 0) () 0 ( 
Saline base plus D drops 
Na2W0O4t 
Plus 5 drops Na2W04 plus 0 ‘i 
gelatin gen 


sais Witl 
Saline base ra) 
> } > Havem’ 
Luyused Red slood Cells d 
Jorgensen’s with 25% Hel, Plus 
With 100% HeCh ; Saline 
Drawn to automatic stop ? Na2v 
only Plus 
With 100% Hel plus ? ? ? : gel 
velatin Saline 
Havem’s \ 4 
: Tar 
Plus gelatin Jorgens 
Saline base plus D drops + 0 0) With 
Na2W0O4 Havem 
Saline base 0 0) Plus 


Saline ] 
Positive reaction in the form of precipitation, aggregation, agglutination, or clumpin Naoy 
?, opalesence, but no frank precipitate: 0, no visible reaction; blank, no studies made “ictal 
*See footnote * Table I. 
TSee footnote ~ Table I. 
, tThe fluid for these tests was drawn to about one-tenth the volume of the pipette inste 
of to the automatic stop. 
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No, 9 Whatman paper. No membranes could be found by microscopic exami- 
nation after this treatment. The filtrate was subjected to tests similar to those 
employed with whole erythrocytes. If sufficient of the filtrate was used, it was 
precipitated by either Hayem/’s or Jorgensen’s solution at all hydrogen-ion con- 
centrations studied, and the precipitation was not prevented by the presence of 
gelatin in the diluent in the usual proportions. With sodium tunestate, pre- 
cipitation occurred up to but not beyond pH 4.5. There was no difference be- 
tween the reactions of the erythroeytes that had been procured by the use of 
oxalate and those procured by the use of citrate. 

The unprotected, washed ervthroevtes obviously had reacted to the diluents 
in accord with the reactions of their contents to the same diluents, but they 
could be prevented from certain of the reactions by the presence of gelatin, 
while the contents were not thus protected from reaction. It would seem, there- 
fore, that gelatin must function by pretecting the surface of the erythrocytes 
from contact with the metallic salt, but not bevond certain critical pH values. 
These values vary according to the nature of the metallic salt. 

Studies With Plasma and Scrum.—The plasma and serum for these studies 
were obtained at the same time as the cells used in the preceding studies. The 
plasma used was from the oxalated specimen only. These fluids were subjected 
to tests similar to those made on blood and cells. As in the case of the contents 
of lysed erythroeyvtes, if sufficient plasma was used it was precipitated at all 
hydrogen-ion concentrations tested by either Hayvem’a or Jorgensen’s solution 
and this action was not prevented lv the presence of gelatin in the usual 
proportion. In order to simulate the conditions that exist in making blood 


‘LE TIT. Errect or pH ON PRECIPITATION CF PLASMA ok SERUM WITH DIFFERENT DILUENTS 


pli 
DILUENT 3D 1.0 t.5 5.0 a 6.0 6.9 7.0 To 8.0) 
Plasma 
’s with 25% Hel 0 0 0) 
100% HegCl, 0 0) 0 
() 
velatin ) 
Saline hase plus 5 drops U 
Na2Wo44 
drops Na2W0O4 plus } 0) () 
gelatin 
Saline se () 0) () 
Serum 
Jorgensei’s with 25% HeCle 0 0 0 
1% HeCle 0 0) 0 0 0) 0 
Havem 4 0) 
atin 0 } t 
Saline hose plus 5 drops 0 0 ” 
Na2w it 





, Positive reaction in the form of precipitation, aggregation, agglutination, or clumping; 
) visible reaction; blank, no studies made, 


*See footnote * Table T. 
‘See footnote ~ Table TI. 
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counts, therefore, studies were also carried out on plasma drawn only to the 
automatic stop of the pipette (Table IIL). Under those circumstances it was 
not precipitated below pH 5.0 by the solutions of bichloride or above pH 6.0 
hy those of sodium tungstate. As was the case when larger amounts of plasma 
were employed, these precipitations with lesser amounts also were not prevented 
by the presence of gelatin in the usual proportions. 

The findings with serum varied from those with plasma in two respects: 
the serum was not precipitated as easily nor at as low a pH with the weak 
solutions of bichloride as was the plasma, and it was not precipitated at all by 


the amounts of sodium tungstate that caused precipitation of the plasma. 


CORRELATION AND DISCUSSION OF EXPERIMENTAL FINDINGS 


With amounts equivalent to those present in blood counts, plasma was not 
precipitated by Hayem’s solution below the isoelectric point of any of the usual 
plasma proteins. Precipitation did occur above that point, but the precipita- 
tion was at first soft and slight and fluffy, and it was only as the pH rose to 
levels above the isoelectric point of most of the common plasma proteins that 
precipitation became sturdy and abundant enough to ball with rotation. The 
same statements may be made of the reactions to Jérgensen’s solution. Gelatin 
did not affect these precipitations. Yet gelatin prevented clumping in whole 
blood at hydrogen-ion concentrations equal to those at which precipitation of 
plasma proteins occurred. Obviously the clumping in whole blood is due to fae 
tors other than just the action of the metallic salts on the plasma proteins alone 

The washed erythroeytes aggregated, or agglutinated, at all pH levels with 
any dilution of the mercurial, and this could be prevented with gelatin up to 
pH 6.5. Yet if weak solutions of the mercurial were used with whole blood, 
clumping did not occur in a neutral zone. Therefore the plasma proteins gav 
protection from aggregation despite the fact that they themselves were not pre 
vented from precipitation at this hydrogen-ion concentration. Again, obvious 
ly, the plasma proteins are not the entire cause of clumping in whole blood, and 
they are even somewhat protective, though less so than gelatin. 

Irrespective of the presence of the plasma proteins then, clumping occurs 1) 
whole blood at all pH levels with concentrated bichloride solutions, and 0) 
either side of a neutral zone with dilute solutions. The clumping with bot! 
the weak and strong solutions of bichloride is prevented up to a certain eritica 
pH of 7.0 by the addition of gelatin. Since the washed erythrocytes ager 
gated, or agglutinated, at all hydrogen-ion concentrations, even with the dilut 
solutions of bichloride, and the aggregations could be prevented up to pH 6 
by the addition of gelatin, it seems obvious that the factors which cause ager 
gation of erythrocytes in the presence of the metallic salt also regulate tl! 
elumping in whole blood with this salt. 

The contents of the lysed erythrocytes precipitated at all pH levels an 
this was not prevented by gelatin. The contents were obviously subject to rea 
tions similar to those which characterize plasma proteins. Without gelatin t! 
washed erythrocytes responded much as their contents. Yet gelatin protect: 


them from aggregation up to pH 6.5. It is obvious that intaet erythrocyt 
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exert a somewhat different or more concentrated force than that of free pro- 
teins, and it is this which can be prevented up to a certain point by the protec- 
tive agent, gelatin. They apparently function, when whole, as large eleetro- 
negative colloids which aggregate in the presence of positive ions. 

Granted that they do function as electronegative colloids, the aggregation 
of erythrocytes in whole blood with weak solutions of bichloride on the far acid 
side of a neutral zone in which aggregation did not oceur ¢an be explained on 
the basis of colloidal aggregation due to the presence of sufficient positive 
electrolytes. 

The occurrence of agglutination on the basie side of the neutral zone, in 
contrast’ to that on the acid side, may be due to the fact that the gelatin itself 
is precipitated at this pH! (Table IV). On the other hand it may be due io 
direct reaction between the bichloride and the contents of the erythrocytes at 
a pH concentration above the isoelectric point of hemoglobin. Gelatin did not 
prevent precipitation of plasma proteins at pl concentrations above their 
isoelectric points, even when those concentrations were less than the pI at 
which gelatin could be inactivated by precipitation. It seems probable, there- 
fore, that the aggregation of erythrocytes at pH 7.0 in whole blood, or 6.5 with 
washed cells, was due to the inherent character of the cellular contents rather 
than to the precipitation of the gelatin. The studies with sodium tungstate 
and washed erythroeytes seem to support these conclusions. Colloidal aggre- 
vation above a pH at which direct union could occur between the metallic 
radical and the proteins within the cells was apparently suppressed by the 
presence of negative electrolytes. The explanation of the capacity of concen- 
trated solutions of sodium tungstate to cause clumping in whole blood at high 
pH concentrations and of the protection afforded by gelatin, in contrast to this 
reaction with washed erythrocytes, is not clear. 

Whenever aggregation of erythroeytes occurs at pH levels at which pre- 
cipitation of the plasma proteins may also take place, the aggregation is aecom- 
panied by a background of more or less amorphous or fibrinous material. It 
would seem that while the precipitated plasnia proteins are not in themselves 
sufficient to initiate clumping, they do qualify and intensify it if aggregation 


TABLE IV. ErFrecr or pif ON THE DILUENTS ALON} 


DILUENT 1.0 1.5 5.0 5.5 | 6.0 6.5 7.0 io S.0 


ase plus gelatin 0 0 0 0 0 0 


ase plus gelatin 
Va2W04* t + 0 


ase plus gelatin 
irgensen’s solution 0 0) 0 . ’ 


4 


use plus gelatin 
lavem’s solution 0) 


0 0 U 0 0 0 


0 + + pe 


+, Positive reaction in the form of precipitation, aggregation, agglutination, or clumping ; 
no visible reaction; blank, no studies made. 
*See footnote + Table I. 
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or agglutination of the erythrocytes occurs. It is by this inhibition from agere- 
gation that more vigorous shaking or the presence of gelatin acts to prevent 
clumping until critical pH levels occur. 

That the clumping with weak, dilute solutions of bichloride at pH levels 
below those at which the plasma proteins precipitate was, nonetheless, accom- 
panied by a fibrinous background is probably due to the lysis that occurred at 
those levels with liberation of cellular contents which could precipitate at such 
low levels. The precipitate then would have balled with the aggregated erythro- 
evtes in the same manner as do precipitated plasma proteins when they occur 
in the presence of agglutination. 

In summary then, these studies seem to indicate that erythrocytes are 
aggregated by electrolytes as electronegative colloids at pIL concentrations below 
the isoelectric point of hemoglobin and by direct union with metallic salts 
under the same conditions that function for proteins in general. Gelatin pre- 
vents the colloidal aggregation, or agglutination, but not that due to direct 
chemical union with its accompanying precipitation and coagulation of ihe 
erythrocytic contents. The plasma proteins are precipitated at their specific 
isoelectric points. This precipitation alone is insufficient to cause clumping In 
the pipettes. If the cells aggregate, on the other hand, because of their own 
forces and irrespective of the events occurring in the proteins in which they are 
suspended, then the precipitated proteins serve to qualify and further facilitate 
clumping by becoming balled with the cells and in turn entangling more cells 
Balling and clumping are exaggerated and emphasized with the gentle and 
regular motion of the rotor, but are inherent in the reactions of blood with 
hichloride. When the cells are protected from aggregation the rotor is unable 
to produce clumping. As Ch’u and Forkner*t found with hand shaking, these 
same features are naturally present in other methods of shaking. It is merely 
that most methods of shaking offer enough violence and shift of direction that 
the colloidal aggregates are prevented from holding, and in that case the pre 
cipitated proteins do not find a nucleus for collection and a reciprocal entang 
ling of more e¢ells. Clumping therefore is not in evidence with such methods 
of shaking, but the underlying potentialities are present nonetheless, and the 
dangers of clumping are always present. Ch’u and Forkner*t found this to b 
particularly true in certain pathologie conditions. 

The experimental findings are significant from the standpoint of variouw 
clinical and biologie studies other than blood counts, and a brief survey © 
certain of these seems indicated. 

The fact that modifications in pH in the presence of tissue fixatives ca 
effect such marked changes in erythrocytes as lysis or agglutination, respe: 
tively, emphasizes anew the importance which Petrunkevitch® ascribes to pI 1 
the fixation and staining of tissues. The misconceptions that may occur becaus 
of failure to evaluate this factor are discussed in many texts on histolog 
technique.” The fact that differential precipitation of the different elemen! 
of the blood exposed to the same fixative may occur simply under the influen: 
of different hydrogen-ion concentrations indicates possibilities for different! 


analysis of the finer eytology of tissues. Obviously the differences in the w: 
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tissues react to the same stain are due not only to the simple acid-base rela- 
tionships upon the stains or between the stains and the tissues, but also are 
determined by the physical state of each element in the tissues, that, in turn, 
having been determined by the pH. of the fixative in relation to the elements 
in question. These possibilities are very beautifully illustrated in the dif- 
ferential staining of anatomic cross sections whieh Tobin’ has obtained with 


aniline blue used at different hydrogen-ion concentrations. 





The lysis of erythrocytes that has been shown to occur in weak solutions 
of bichloride and of the other fixatives employed is probably due either to 
solution of cell membranes or to some sort of union of the membranes with the 
fixatives involved in such a manner as to weaken the membranes and allow 
extrusion of the contents before coagulation or fixation of the latter can occur. 
In the case of the weak solutions of bichloride the union is probably with ihe 
lecithin of the capsule while the concentration of bichloride, or the pH, or both 
are insufficient to permit coagulation of the proteins. In stronger concentration 
the amount of bichloride is sufficient to coagulate or fix the proteins of the 
cells even as it unites with the lecithin of the capsule. The action of gelatin 
as a protective colloid applied to the surface of the erythrocytes probably ex- 
plains its effect in preventing lysis, just as it prevents aggregation, 

The capacities of dilute solutions of fixine agents to cause lysis, and es- 
pecially of very dilute solutions containing mereury at hydrogen-ion conecen- 
trations equal to those which obtain in blood and tissues, place significance 
upon the possibility of equivalent action in local or generalized areas subjected 
to therapeutic agents of similar nature. 

It is significant that the hydrogen-ion concentration of the blood is sueh 
as to favor precipitation of plasma proteins and agglutination of erythrocytes 
in the presence of electropositive metals and colloids, especially those repre 
sented by a heavy metal like mercury. The importance of this fact in thera- 
peutic and diagnostic procedures employing such solutions is obvious. When 
such solutions are used for parenteral therapy, for instance, the events when 
they meet body fluids must often mark the difference between smooth and 
stormy reactions. And in such diagnostic procedures as the use of Ilayem’s 
solution” '" or other solutions containing bichloride'''’ in studies of liver tune- 
tion, the ambiguities might well be lessened by regulation of the pH. The 


‘ecent work of Kunkel’! with solutions of copper or zine for a similar purpose 
ertainly shows the importance of plI in the results and interpretations of such 
Sts. 
The dangers of unpredicted agglutinations are lessened in the presence of 
e correct protective colloids for the situation at hand, but the protection from 
ch colloids may be negated by elevation or deprssion of the pH of the en- 
ronment to that at which the colloid itself is precipitated by the reagent. 
The facet that the gentle rotation of blood in the fixed planes set by the 
l'rvyan-Garrey rotor brings out the inherent tendeney for precipitation and 
imping in red blood counts suggests that similar motion might prove useful in 
' clogic and diagnostic procedures that require detection of the phenomena of 


ecipitation or agglutination. In certain respects the method achieves the 
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same results as are sought at times by vibratory mechanisms.'’ In the present 
studies the method actually allowed detection of the phenomenon of aggrega- 
tion when it was masked by the more violent vibration of a shaker or even. by 
hand shakine. 

The risks inherent in the use of soft glass containers are once again 
lustrated in the present studies. Storage of Hayvem’s or JOrgensen’s solution 
in soft glass containers quickly resulted in massive clumping with whole blood 
under conditions in which this phenomenon did not oceur if the diluents were 
stored in Pyrex containers. These effeets were caused not only by changes in 
pill due to reaction with soft glass, but also by changes in the content of elee- 
trolytes. Since the findines and the interpretation of them are obviously tre- 
mendously influenced by the pl and the clectrolytes of the test solutions in 
diagnostic procedures based on precipitative or agglutinative phenomena by 
means of solutions containing heavy metals, the dangers of change in these fae- 
tors by improper storage are very real. The reactions between the metal and 
the biologie substance in question may be encouraged, suppressed, or confused 
by reactions of other substances, depending Upon these factors. 

The power of erythrocytes to attract and carry colloidal substances, while 


recognized, Is given far too little consideration in biologie studies. The action of 


gelatin, and to a lesser extent, that of the plasma proteins in the prevention of 


aggregation of erythrocytes in these studies illustrates the surface force of the 


erythrocytes, even as it indicates the colloidal activity of these proteins. The 
studies of Bloor'® '* indieate that after fats have been absorbed from the gut 
they first are attracted from the plasma to the cells of the blood before chemical 
changes can take place within the cells. Pennell'* recognizes surface attraction 
between erythrocytes and platelets in his concept of a causal relationship be 


tween erythrocytes and hemophilia. 


CONCLUSIONS 


The factors involved in the clumping of blood in red counts made by thi 
aid of mechanical rotation are inherent in the interactions of Hayem’s solution 
with plasma and cells and are merely emphesized by rotation. The capacity o! 
rotors to demonstrate the phenomena of precipitation and aggregation and/o1 
agglutination in blood counts was found useful in elucidation of the factors 
involved in these phenomena. 

The clumping is due to the reactions of mereuric bichloride with the cell 
and the plasma as a tissue fixative. These reactions are regulated by (1) th: 
concentrations of bichloride, (2) the relationship of the pl of the diluent t 
the isoelectric points of the erythrocytic contents and of the plasma proteins 
and (3) the colloidal activities of intact erythrocytes 

When dilute enough, bichloride may cause lysis. When = concentrat 
enough it causes colloidal aggregation and/or agglutination of the erythrocyte 
and precipitation of proteins, depending upon the pH. Addition of gelatin 
the diluent protects the cells from lysis and aggregation at hydrogen-ion co! 
centrations below pH 7.0, but does not affect the precipitation of proteins. 
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Ageregation of the erythrocytes and precipitation of the proteins under 
the action of bichloride oceur independently of each other. Aggregation 
alone may simulate clumping. Precipitation of the plasma proteins alone does 
not cause clumping. When aggregation accompanies precipitation, charac- 
teristic clumping Occurs. 

The findings are disussed from the standpoint of their significance in rela- 
tion to problems other than blood counts. They bear upon the phenomena of 
Ivsis, precipitation, and agglutination, upon diagnostic and therapeutic meas- 
ures which involve colloidal or precipitative reactions, and upon the differential 


responses of tissues to fixation and staining. 
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MEASUREMENT OF THE ELECTRIC RESISTANCE OF HUMAN BLOOD ; 
USE IN COAGULATION STUDIES AND CELL VOLUME 





p 
DETERMINATIONS t] 
‘ 
Ropert L. RoseNrHau, M.D., aNp CHarLes W. Topras, Pu.D. ‘ 
BERKELEY, CALIF. n 
Hii measurement of electric resistance and conductivity is a universally . 
recognized physical-chemical procedure which has had wide use in biologic 0 
investigations. It has been suecessfully used in the study of cell permeability, 
muscle physiology, and so forth, and attempts have been made to measure v 
electric resistance changes during the blood coagulation process. Most of the ¢ 
results obtained have indicated that there is no blood resistance change 
during coagulation. A review of the literature reveals that most of the work ? 
done on this subject was published before 1926 and centers around resistance : 
or conductivity as related to cell volume and coagulation. Stewart and 
other’’ have shown that the resistanee of blood is direetly proportional to c 
the cell volume. Blood may be thought of as a suspension of cells, which are ” 
very poor conductors, and plasma, whose conductivity depends upon the 
concentration of clectrolytes, particularly sodium chloride.“ Sigman and | 
co-workers’ measured the resistance of beef blood flowing through a_ tube. 
They reported that the resistance decreases with inereasing flow velocity. Other 
workers*'’ have employed resistance measurements in studies of hemolytic | 


and osmotic behavior of the red cell. Resistance of packed red cells, normally 
thirty to forty times the resistance of plasma, is reduced to a value comparabl 
to that of plasma by saponin hemolysis. 

Most authors were unable to demonstrate reproducible electric resistance 
changes during the complex process of blood clotting.""'* In the only 
recent report, Graff and co-workers’? say that there are irregular’ resistanc 
changes during clotting, not related to clotting time, and that the resistance 
of heparinized blood measured in. vitro steadily increases in the first  hali 
hour after obtaining the blood sample. 

In the present paper a reliable and practical experimental method 1 
described for the measurement of electric resistance of blood and other fluids 
Observations are presented to show that this method enables one to mak 
reproducible resistance versus time measurements on whole blood and tha 
the varying observations of previous investigators may have been due 1 
inadequate technique. These observations apply to changes in blood resistanc 
during coagulation and to the relation between blood resistance and ¢ 
volume fraction. 


_. From the Division of Medical Physics and the Department of Chemistry, Universit) 
California. 
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METHOD 


The application of the elassie method of Kohlrausch and Holborn!6 and its elaboration 
worked out by Washburn and others has been widely accepted for the measurement of 
the electric resistance of colloid systems and suspensions. Taylor and <Acree,!? Washburn 
and Weiland,!8.19 and others20-25 have given exeellent discussions of the theoretic 
principles. It is beyond the scope of this paper to discuss technical details other than 
those applying especially to the determination of the resistance of blood. Most of the 
experimental arrangements for blood resistance measurements reported in the literature 
appear to have been unduly complicated and time consuming and intended for a limited 
number of measurements. We believe we have designed a setup which can be used to 
study the clotting of blood, permitting rapid successive resistance measurements. The 
method has high reliability of single measurements, and it could be adapted to measurement 
of other biologie materials. 

Fig. 1 shows the measuring tube and eleetrodes. The tube, made of Pyrex, 
was 12 mm. in diameter and could be held in any test tube rack. The electrodes, 
consisting of lightly platinized* platinum plates 0.01 inch in thickness, 44 sq. cm. in area, 
and 144 em. apart, were designed to be large enough to avoid the errors arising in the 


use of wire point and small electrodes and yet to require only about 1.5 c.c. of blood or 





other fluid. Platinized electrodes eliminated the necessity of extrapolating the measure 
ments to infinite frequency as required in the case of unplatinized (bright) electrodes, and 
they gave a sharper end point of impedance — balance. Also, measurements during 
clotting made with unplatinized electrodes often showed discrepancies which could be 
explained by imperfect adherence of the clot to the electrodes. The electrodes were 
cleaned satisfactorily by connecting them as cathode in 20 per cent sodium hydroxide and 
applying 3 volts for two minutes. The adherent fibrinous material loosened by this 


process readily washed off with hot distilled water. 


The position of the electrodes in relation to the measuring tube and blood clot 
determines the result of measurement to some extent. In the geometry used in the 
present experiments the electrodes were entirely contained within the clot, and they 


remained in the clot during retraction (see Fig. 2). This enabled us to study the change of 
resistance during clot retraction for a considerable length of time. Unfortunately, some 
previous investigators did not describe their electrode arrangements. It was found by us 
that if electrodes are placed too distantly or in an inconvenient way the clot may break 
off during the process, allowing plasma to interfere with the clot resistance measurement. 
The results obtained with such latter electrode arrangements are irreproducible. 

An audio frequency oscillatort capable of producing an alternating current frequeney 
from 20 to 200,000 cycles per second was used to generate power. Since measurements 
vith the platinized electrodes showed negligible variation with frequency, 1,000 cycles A. C 
vas used through the experiments. 

The impedance bridge} provided an accuracy adequate for our purposes with a 
robable error of less than 1 per cent and a maximum error of 2 per cent. The amplitude of 
he applied voltage was 0.25 volts root mean square. Capacitance of the measuring cell 
reuit was negligible and compensation did not alter the readings. Our parallel control 
bservations showed that the behavior of clotting blood was not changed beyond the range of 

perimental error by the current used in the measurements. 

Instead of using the conventional telephone bridge balance indicator, an oscilloscope§ 


is used. The horizontal sweep was connected to a 60-cyele saw-tooth power supply. The 


> 


*Klectrodes were platinized with Lummer-Kurlbaum solution: 0.3 Gm. platinum chloride, 


103 Gm. lead acetate dissolved in 10 e¢.c. of distilled water. Six volts were applied, each 
ctrode connected as a cathode, for thirty seconds. Electrodes were cleaned by 2N sulfuric 
id, connected as anode, 3 volts for 1 and one-half to 2 minutes. Electrodes had to be 


platinized when the platinum black surface became insufficient. 
+Hewlett-Packard, Palo Alto, Calif., model 200 C. 

t$General Radio Co., Cambridge, Mass., type 650-A, 
§Cathode-ray-oscillograph, Type 224, Du Mont Laboratories, Passiac, N. J. 
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2.—Appearance of retracted clot in situ in the measuring tube and its adherence to the 
electrodes on their removal from the tube. 
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vertical sweep showd the amplified 1,000 eyele A.C. voltage appearing between the 
unbalanced junctions of the impedance bridge. At balance, the vertical amplitude reached 
a well-defined minimum. 

By means of a selector switch and parallel circuits, six different samples could be 
studied at one time. All determinations were made in a constant temperature water bath 
set at 57° C. (See Fig. 3). An increase in temperature of 1° C. produced an approximate 2.5 
per cent decrease in resistance. The conductivity cell constant was measured with 0.1 KC] 
and all measurements were converted to specific resistance in ohm-centimeter units by 
the relation: 

; on , : Measured resistance of blood 
re eee mee 0.0158 x Measured resistance of 0.1IN KCI 


where the factor 0.0158 is the specific eonductance of O.IN KCl at 37° C., 














Fig. 3.—Left to right: audio frequency oscillator, oscilloscope, impedence bridge, water bath an 
stand with six measuring tubes connected for making measurements. 


OBSERVATIONS 

Resistance Changes During Blood Coagulation.—1.5 ¢.c. of blood draw: 
with a dry syringe were carefully placed in the measuring tube; the electrodes 
were inserted, and measurements were made at frequent intervals for fort) 
minutes. Parallel clotting time determinations were performed by a modifie 
Lee-White method (14 ©... of blood; two tubes 10 mm. in diameter). Th 
results are shown in the two curves in Fig. 4, with time plotted agains' 
specific resistance in ohm-centimeter units. The lower curve represents thi 
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average of measurements on sixteen blood normal specimens, while the upper one 
is composed of the average of fourteen polyeythemic blood samples. All 
blood samples showed clot retraction. The curves for two individuals together 
with the clotting times are shown in Fig. 5. For the first few minutes the 
resistance value was constant at a level indicative of the cell volume per cent. 
Then, at the time clottine occurred, the resistance started to inerease. This 
increase, which is related to clot retraction, has been found to continue for 
at least seven or eight hours. Each of the determinations followed this 
pattern, with variations occurring in the magnitude of resistance, point of 
beginning resistance increase, and slope of the curve. The higher value for 
the one-minute determination could be explained by the temperature adjust- 
ment and possibly by insufficient time for thorough wetting of the electrodes. 
The slight drop in temperature of the blood while in the syringe would 
increase the resistance, 2.5 per cent for each degree centrigrade, 

Definite substantiation of clotting as the factor responsible for the time- 
resistance curve pattern described was obtained by observations on blood 
rendered incoagulable by the in vitro addition of heparin (0.1 mg.) or oxalate 
(1.8 mg. ammonium and 1.2 mg. potassium oxalate). The unclotted blood 
eave no significant change in resistance over a one-hour period as seen in 
ig. 6 which also shows the same blood, without any addition of an anticoagulant, 
giving the typical clotting pattern. Very slight variations in resistance 


were the probable effect of red cell sedimentation to produce changine cell 
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‘ig. 4.—Curves of the average blood resistance during clotting for sixteen normal and fourteen 
polycythemic subjects. 
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concentrations around the electrodes. It was found that shaking or stirring 
the unclotted blood increased the resistance, which dropped in one or two 
minutes to a constant value about 6 per cent lower as the cells settled. 

Resistance and the Cell Volume Fraction of Blood*.—The electric¢ resistance 
of plasma is much lower than that of blood cells alone. Whole blood resistance 
is determined by the intrinsic resistance of plasma and cells and by the 
relative amount of cells and plasma present in the blood. It also has been 
shown that the shape of the red blood cells influences whole blood resistance. 
Ponder** has presented a formula for calculating the cell volume fraction 
of a sample of blood from the measurement of the resistance of both the 
unclotted blood and its plasma separated by centrifugation. 


Cell volume fraction db l 
] 
@ X 


; resistance of blood ; , 
Where : and X is the form factor dependent on the 
resistance of plasma 
shape of the cells, assumed to equal 1.10 for red cells in plasma. Also, 
cell volume per cent cell volume fraction x 100. 

In the present study the cell volume per cent was determined by both 
electrical resistance measurements and centrifugation (Wintrobe tube; heparin- 
ized blood; 2,500 revolutions per minute for one-half hour; reading represent 
red cell volume) on aliquot samples of venous blood. Plasma values averaged 
63.2 ohm-centimeters with a range of 61.0 to 66.8 ohm-centimeters. The blood 
resistance, taken as the average value of the three-, four-, and five-minute 
readings of the time-resistance curve, ranged from 131.2. to 230.9 ohm- 
centimeters. A comparison of the results obtained by the two methods 
revealed that the resistance determinations were 7.7 per cent lower than the 
centrifuge values in normal subjects and 7.8 per cent lower in patients 
with polyeythemia vera for average values (see Table IT). In three leucemia 
blood speeimens with an average white count of 96,200 the resistance method 
compared 5.7 per cent higher than the centrifuge method. This may _ be 
explained by the fact that while only the red cell volume was recorded for 
the centrifuge cell volume, the resistance measurement accounted for the 
‘igh, poorly conducting white cell volume as well as the red cell volume. For 
normal or only slightly elevated white counts, the white cell resistance factor 
vas very small. 

The cell volume per cent can readily be determined from resistance 
ieasurements by taking the ratio of blood to plasma resistance (¢@) and _ re- 

*Since the precise meanings of the terms cell volume and hematocrit are at the present 
me confused, we deem it advisable to clarify certain terms used in this paper. Hematocrit is 

ed in its strict sense to refer to the volume of packed red cells, expressed as a per cent, 
btained by centrifugation of 1 ¢.c. of blood in a tube 100 mm. long. The term cell volume 
is been used to designate the proportion of cells by volume in a given sample of blood, the 
total cell volume of an animal, or volume of an individual cell. In this paper the term cell 
lume fraction is used to indicate the proportion of cells by volume in venous blood irres- 
ective of the method used in its determination. The volume per cent of cells in the blood 
mple is termed cell volume per cent irrespective of its method of determination. Since the 


lume of white cells, unless abnormally increased as in leucemia, is very small, the cell 
lume per cent approximates the red cell volume. 
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ferring to a curve of the cell volume per cent values calculated from Ponder’s 
The values obtained by the centrifuge 


equation plotted against ¢ as in Fig. 7. 
Table Il lists some pertinent data 


method are plotted against @ for comparison. 


on subjects used in these measurements. 
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RATIO OF BLOOD RESISTANCE TO PLASMA RESISTANCE 


—Ratio of blood to plasma resistance (4) plotted against cell volume per cent, 
for seventeen subjects. The absence of a simple relation between 
blood resistance and white and red counts is shown, There is a direct relation of resistance 
to cell volume (chiefly red cell). The curve represents cell volume per cent values obtained 
by calculation from Ponder’s formula using the ratio of blood resistance to plasma resist 
ance (0). 


Fig. 7. 
white count, and red count 


In order to obtain a wider range, heparinized blood was diluted and 
concentrated by varying the proportion of cells to plasma, and cell volumes 
were determined by the two methods on aliquot samples. The blood resistance 
measurements were obtained immediately after shaking, before settling had 
occurred. Results, shown in Table III, indicated that the resistance deter 
minations were 6.1 per cent lower for the normal group, 8.1 per cent lowe 
for polyeythemic groups, and 2.0 per cent lower for the leucemic group. The 
combined normal and polycythemic groups gave a value of 7.3 per cent. 

The level of blood resistance showed no direct relation to hemoglobin, 
red cell count, white cell count, or platelet count. Fig. 7 shows the red and 


white counts plotted against the blood-plasma resistance ratio (¢). 
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TABLE I. CELL VOLUME PER CENT OF VENOUS BLOOD DETERMINED BY ELECTRIC RESISTANCI 
AND CENTRIFUGE METHODS 
NUMBER AVERAGE CELL VOLUME CELL VOLUMI AVERAGI AVERAGI 
OF PER CENT PER CENI RED WHITE 
GROUP SAMPLES |RESISTANCE |CENTRIFUGI DIFFERENCE COUNT COUN 
Normal 5 15.5 $9.2 i oe 5.490,000 7.100 
Polyeythemie Ww) ISLS 02.9 fe. 6,250,000 13,630 
Leucemic 2 12.4 $0.1 5.7 £570,000 96,200 
*Cell volume per cent difference represents the difference between the resistance and 
centrifuge cell volumes expressed as per cent of centrifuge value. 
TABLE II. BLoop AND PLASMA RESISTANCE DATA FoR NORMAL, POLYCYTHEMIC, AND 
LEUCEMIC SUBJECTS 
SPECIFL( 
} RESISTANCE RES. BLOOD CELL VOLUMI RED HEMO- | WHITE 
SUB (OHM-CM.) — |RES., PLASMA PER CENT CELI GLO CELI PLATI 
JECT | BLOOD | PLASMA db RESISTANCE |CENTRIFUGE) COUNT BIN COUNT LETS 
Normal 
J.M. 147.6 2 2.38 H1.S $65 13.0 5,500 
A.C. 163.8 OOS 9 45 $3.9 tS 14.5 LO.100 320,000 
LD. 160.7 61.0 1.63 16.0) 50 
B: W.. 1736 65.6 2.65 16.3 51 4 14.0 6.300 
boa. ance 61.0 2.89 19,7 a] 3.48 13.0 6.600 240,000 
Polycythemia 
Avr. Tots 64.3 2 O04 35.2 1] 68 11.0 15.750 730,000 
A.F. 143.5 64.4 2.23 39.0 15 5.72 10.6 1S,000 680,000 
W.M. 169.1 64.4 2.63 16.0) oo 3.20 15.0 6,100 400,000 
W.P. 180.0 65.6 2.74 17.7 18 7.30 12.0 14,500 340,000 
AA, 174.7 O15 2.85 $9.2 5] 5.36 bow 1700 290,000 
MP, 205.1 64.5 oS 53.4 54 6.35 14.8 15,400 400,000 
A.P. 199.8 62.0 Doe 93.8 58 7.20 155 17,500 350,000 
Aa. Beovw 65.5 3.41 55.8 6] 6.70 15.6 21.200 350,000 
M.R. 230.9 61.0 3.78 59.2 67 6.59 15.0 8.750 370,000 
Chronic Lymphatic Leucemia 
M.R. 137.8 63.2 218 38.2 39 1.45 11.6 148.000 210,000 
M.R. 143.0 62.0 3 10.6 36 $46 11.5 115,000 250,000 
P. 8 170.8 61.0 2.79 18.5 $5.5 tS] 12.0 25,700 170,000 
TABLE IIT. CELL VOLUME PER CENT OF VARIOUS DILUTIONS AND CONCENTRATIONS OF 
HEPARINIZED VENOUS BLOOD 
NUMBER NUMBER AVERAGE CELL VOLUMI CELL VOLUME 
OF OF PER CENT PER CENT 
SUBJECT SUBJECTS | OBSERVATIONS RESISTANCE CENTRIFUGI DIFFERANCI 
Normal a) 10 Bao 55.0 6.1 
Polyeythemic 9 16 50.9 55.4 8.1 
LLeucemie 3 i O00 34.6 2.0 
Normal and 14 265 ALO 56.0 7.3 
Polveythemie 
*See footnote to Table I. 
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DISCUSSION 


Our results show blood resistance measurement to be of value in the 
study of blood coagulation, both as a method for the detection of the clotting 
time and as a means for obtaining the quantitative measurement of the rate 
of clot retraction. The advantage in the use of electric resistance hes in the 
fact that a dynamic process such as blood coagulation may be studied under 
controlled conditions without disturbing the process by the making of measure- 
ments. 

Emphasis must be placed upon the importance of the geometric orientation 
of the electrodes to the clotting blood and retracting clot in the evaluation 
of observations and data. We located our electrodes at the central part of the 
blood and within the retracting clot. As soon as the blood has clotted, clot 
retraction begins by the contraction of the fibrin network which pulls the 
large elements or cells together into a dense mass, thus displacing the serum 
to the periphery. This process produces increases in resistance measurements 
because it simultaneously increases the concentration of poorly conducting 
cells and decreases the concentration of serum, a good conductor, between and 
around the electrodes. On this basis it is possible to relate our observed 
changes in resistance during clotting, as graphically demonstrated by the time- 
resistance curve, to blood coagulation events. Prior to clot formation there 
is no significant change in resistance. The clotting time and start of clot 
retraction are marked by the first increase in resistance. Thus the clotting 
time may be determined with the elimination of motion, the source of consider- 
able variation and inconsistency in most methods in common use, 

The subsequent increases in resistance result from retraction of the clot. 
Therefore the slope of the rising portion of the time-resistanee curve may be 
assumed to correspond to the rate of clot retraction and to serve as a 
quantitative measure of this process. Since there has been no method previously 
available for a comparable quantitative study of clot retraction, such measure- 
ments may serve to detect significant differences in and variations of this 
process in disease. The method also may provide a means to determine the 
effect of chemical and therapeutic agents upon clot retraction, 

Our results differ from those reported by Graff and co-workers!® who 
obtained an increase in resistance of normal blood during the first ten minutes, 
unrelated to clotting time, while heparinized blood gave a rapid progressive 
increase in resistance for twenty to thirty minutes. The deseription of the 
method given by these authors is not complete enough to allow us to compare 
their data with ours. Certain important features of their method such as the 
use of 60 eveles A.C. and applied voltage of 5 volts root mean square appear to 
be at variance with accepted procedures which have been thoroughly worked out 
for conductivity measurements. 

It is of investigative interest to compare the cell volume fraction calculated 
from resistance measurements with the centrifuge hematocrit. It has been 
known for some time’ that hematocrit values obtained by separation of cells 
from plasma in the centrifuge do not give the true cell volume fraction. This 
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would be true only if the centrifuge would pack the cells so closely that 
all intercellular space and plasma would be excluded from among the cells. 
For example, Miller?® and Kennedy and Millikan?’ demonstrated that in order 
to achieve such perfect separation, centrifugal foree of a magnitude that 
would destroy the cells themselves would be required. There are a number 
of papers available which compare various methods for the determination of 
the cell volume fraction with the centrifuge method. Kennedy and Millikan*' 
and Shohl and Hunter®* reported values obtained by using dye dilution of 
plasma 10 to 12 and 4.5 per cent, respectively, below the centrifuge hematoerit. 
Chapin and Ross*’ found the cell volume fraction determined by dye dilution 
(T-1824), protein dilution, and the use of red cells tagged with radioactive 
iron to be an average of 8.5 per cent lower than the cell volume fraction 
obtained by centrifugation. Ponder and Saslow*’ calculated the cell volume 
fraction in whole blood from direct measurement of the dimensions of the 
individual red cell and their number. This calculated value was in close agree- 
ment with the dve dilution determination of the cell volume fraction of the same 
blood. Stewart® used the method of conductivity and also obtained values 
below the centrifuge hematocrit (5 to 6 per cent). The results presented 
in this paper indicate that the cell volume fraction determined by electrie 
resistance measurements is 7.7 per cent lower than values obtained by 
centrifugation. Thus the dye dilution, protein dilution, tagged red eell, 
direct measurement, and electric resistance methods agree very well in the 
determination of the fractional volume of red cells in blood, while the value 
obtained in the centrifuge hematocrit is consistently high because of plasma 
trapped between the packed red cells. 
SUMMARY 

A reliable rapid method for the measurement of electric resistance ot 
small amounts of blood or similar material is presented. 

A pattern of change in the resistance of blood during coagulation is de- 
scribed. These resistance changes make possible the determination of the 
clotting time with elimination of inconsistencies caused by motion and_ offer 
a quantitative means for the study of clot retraction. In view of the fact 
that no method has been available previously for a comparable quantitative 
study of clot retraction, electric resistance measurements may serve to detect 
significant variations of this process in disease beyond our present knowledge. 

By means of the ratio of blood resistance to plasma resistance, the cell 
olume fraction of a sample of blood may be ealeulated. Cell volumes 
letermined by resistance measurements were found to average 7.7 per cent 
ower than the hematocrit as determined by centrifugation. 

The authors wish to thank Dr. J. H. Lawrence and Dr. C. A. Tabias for their 
ontinued interest and assistance and to acknowledge the help of Mr. Leo Lipetz, Fellow 
n Medical Physies of the Dazian Foundation. 
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THE EFFECT OF CHOLINE, METHIONINE, AND LOW FAT DIET ON 
THE LIFE EXPECTANCY OF PATIENTS WITH 
CIRRHOSIS OF THE LIVER 


Leo Wapr, M.D., Louis Nevporrr, M.D., Herpert Frirz, M.D., AND 
MicHAEL Karu, M.D. 
St. Louis, Mo. 


Y A previous communication from this ¢linieg a regimen for the treatment of 
cirrhosis of the liver was described.® This regimen was based upon two as- 
sumptions: first, that fatty changes in the liver ordinarily precede the more 
characteristic anatomic lesions of cirrhosis; second, that fatty changes in the 
liver may be dietary in origin, especially in the alcoholic patient, and hence 
might be comparable to the changes observed in experimental animals placed on 
deficient diets. The eliniecal course of several patients was deseribed. The re- 
sults attributed to the therapy were striking in each instance. It was pointed 
out, however, that not all patients had responded so dramatically and that spon- 
taneous remissions have long been known to occur in the absence of any specific 
therapy. Interpretation of the efficacy of the therapeutic regimen therefore 
had to await the study of an increased number of patients over a longer period 
of time. 
METHOD OF STUDY 


The present report summarizes the clinical experiences of the past five 
vears, during which time some 224 patients with cirrhosis of the liver were 
studied. The fate of these patients is compared with that of a similar control 
eroup of patients treated in the same hospital under similar circumstances prior 
to the use of the present therapeutic regimen. 

The therapeutic regimen used in the treatment of the present series of pa- 
tients is summarized in Table I. 

Diet.—The protein intake was maintained as near 100 Gm. per day as pos- 
sible so that presumably adequate supplies of methionine and eystine as well as 
ther essential amino acids were provided. . The fat intake was limited to ap- 
proximately 50 Gm. per day. It seemed unreasonable to burden further a fatty 
iver with additional supplies of fat, since it was assumed and later demon- 
strated experimentally? that under some circumstances at least much of the 

ver fat was exogenous in origin. Animal fat was particularly avoided since 

iolesterol is known to be one of the most potent stimulants to fat infiltration. 

‘uch fat infiltration is reported by some observers to be exceedingly resistant 

: lipotropie agents.2, Carbohydrate was given ad libitum (400 to 600 Gm.) and 

\ sufficient quantities to spare dietary protein for more essential purposes. The 
tal calorie value of the diet was approximately 3,000 calories. 

Drugs.—More specific attempts were made to supply choline and methionine. 

it first, 1 Gm. of choline chloride was given daily in divided doses. Since it 
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TABLE I. 
Diet 
Protein 
Fat (chiefly vegetable 
Carbohydrate 


THERAPEUTIC 


FRITZ, AND KARL 


REGIMEN 


90-100 Gm. 

D0 Gm. 

Adequate to supply 
calorie needs 





Drugs 
‘Choline hydrochloride 1-S Gm. 
Methionine (1 qt. skimmed milk 0.9 Gm. 
Vitamins 
A 10,000 U.S.P. units 
D 800 U.S.P. units 


Abstinence from aleohol 


had been emphasized by some observers*:’ that large doses of choline given over 
a prolonged period of time were required once liver damage was established, 
the dosage was increased cautiously on the basis of the patient’s tolerance. Few 


were able to take more than 6 Gm., and none more than 8 Gm. without ex- 
periencing gastrointestinal svmptoms which were thought to be referable to the 
choline chloride. Most patients took and tolerated 3 to 5 Gi. daily very well. 
Since pure methionine was obtainable with difficulty and at a considerable 


All 


(skimmed to avoid unnecessary 


cost at the outset of these observations, milk was used as a source thereof. 
patients consumed at least one quart of milk 
animal fat) daily. This is equivalent to approximately 0.9 Gm. of methionine. 
Vitamins.—Supplements of the fat-soluble vitamins A (10,000 U.S.P. units) 
and D (800 U.S.P. units 


of dietary fat. 


were given in order to compensate for the restrictions 
Supplements of the B complex were not used so as not to com- 
plicate further the evaluation of the therapeutie program. 

Alcohol. 
the aleohol per se, but rather because the therapeutic regimen usually was fol- 
Whenever it 
parent that cooperation in this respect was not probable, the patient was kept 


Aleohol consumption was prohibited, not because of any fear of 


lowed inadequately if the patient continued to imbibe. was ap 
in the hospital for long periods of time (six to eight months) and often on re 

No similar effort was made to govern the aleohol intake of the 
While it is difficult to evaluate the relative extent to whieh the 


peated occasions. 
control eroup. 
members of the two groups heeded the warning to abstain, it is very probabli 
that far better control was maintained in the experimental group. 
CASE MATERIAL 

Those patients admitted to the St. Louis City Hospital during the eleven 
vear period beginning April 1, 1935, and upon whom the diagnosis of cirrhosis 
of the liver was made are the basis of the present report. The patients wer 


divided into two groups: the experimental and control groups. The forme: 
included those patients with cirrhosis who were admitted to the hospital afte: 
April, 1942, and who were treated according to the therapeutie regimen de 
scribed. The control group consisted of those patients who were admitted prio! 
to April 1, 1942, and who were not treated according to any particular therapeu 
tic regimen. For the most part these patients received a high carbohydrate diet 


An occasional omentopexy was done. 
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Of the entire series of 647 patients, 112 were omitted from consideration in 
this study because of doubts concerning the validity of the diagnosis. There 
remained 224 patients in the experimental series and 311 patients in the control 
group. Autopsy or biopsy material was available on approximately 65 per cent 
of these patients. The remainder of the diagnoses were based upon unmistak- 
able clinieal and laboratory data. (See Table IT.) 


TABLE IIT. CASE MATERIALS 


EX PERIMENTAI CONTROL BOTH 
(4/1/42 To (4/1/35 TO 1/1/35 TO 
1/1/46) 1/1/42 ) 1/1/46) 
Total number of hospital admissions oGs217 63,812 120,029 
Diagnosis of cirrhosis 263 384 647 
Diagnosis doubtful 39 73 112 
Total number of patients with cirrhosis 224 31] 535 
Incidence (per cent of total admissions 0.40 0.49 0.45 


Although the number of patients in each of the two series was thought to be 
sufficiently large to insure their comparability, an effort was made to compare the 
{wo series in as many respects as possible. 

The incidence of the disease among the total hospital admissions, the sex 
incidence of the disease, the age of the patients, their occupations, the presenting 
complaints, the initial physical findings, and the laboratory data were approx- 
imately the same in the two series of patients. Because of the rationale upon 
which the therapeutic regimen is based, the dietary and aleoholie histories as well 
as the size of the livers deserve special consideration, 

Alcohol Consumption.—Objective data regarding alcohol consumption be- 
fore admission are difficult to secure. Both the patient and the physician are 
likely to color the information as the result of their own past experiences. The 
following arbitrary classification of aleohol consumption is the basis for the 
present evaluation : 

One plus, occasional consumption of alcoholic beverages but not to the point 
of intoxieation; two plus, average daily consumption of one or two highballs or 
two to four glasses of beer; three plus, average daily consumption of a pint of 


ard liquor or four quarts of beer; four plus, all others. 


TABLE IIT. History oF ALCOHOLISM IN PATIENTS WITH CIRRHOSIS 


EXPERIMENTAL CONTROL BOTH 
NUMBER | PER CENT | NUMBER | PER CENT | NUMBER | PER CENT 
No data se 15.0 94 60.1] 27 34.4 
Data 180 84.5 62 39.9 242 65.6 
Total 213 100.0 156 100.0 369 100.0 
Aleoholism 
Denied 12 6.7 I 1.6 13 5.4 
. 24 3:3 0 0.0 24 9.9 
9 2() 5 5 1.8 Zo 9.5 
34 21 eg 2] 33.9 $2 ia 
44 103 57.2 37 59.7 140 57.9 
Total ‘180 100.0. 62 100.0 242 100.0 _ 
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Most would probably agree that those characterized by three and four plus 
aleohol consumption should be classified as chronie aleoholies. The data pre- 
sented in Table III reveal that 70 to 75 per cent of the patients in these two 


series were chronic alecoholies. 


Dietary Histories —Accurate data on dietary habits are equally difficult 
to secure and must also necessarily involve subjective factors both on the part 
of the patient and the interrogator. Nonetheless an attempt was made to evalu- 
ate the diets in approximately half the patients. In Table IV it will be observed 
that 75 per cent or more of the patients were existing on inadequate food in- 
take. Deficiencies in protein, fresh fruits, and vegetables as well as total calorie 
intake usually were obvious. Such deficiencies were correlated with alcohol 
consumption. Patients readily admitted that when they were drinking they did 


not eat. 


TABLE IV. Drerary HISTORY OF PATIENTS WITH CIRRHOSIS 


EXPERIMENTAI CONTROI BOTH 
NUMBER PER CENT NUMBER PER CENT NUMBER PER CENT 
No data 109 51.2 143 91.7 252 68.3 
Data 104 18.8 13 8.3 117 2 7M 
Total — Bi3 100.0 156 100.0 369 100.0 
“Adequate 16 15.4 0 0.0 16 13.7 
Average or fair S 7.7 0 0.0 8 6.8 
Inadequate 80 76.9 13 100.0 93 79.9 
: Total 104 100.0 13 100.0 117 100.0 


The 20 or 25 per cent of the patients whose consumption of aleohol was not 
considered to be excessive and whose diet was not necessarily inadequate are of 
considerable interest. While it is undoubtedly true that some of these individu 
als may have been inaccurate in relating their histories, it is equally certain 
that lesions of the liver indistinguishable clinieally or anatomically from those 
of typical alcoholic cirrhosis occurred in the absence of gross dietary defects 01 
excessive alcohol consumption. Vague histories of previous jaundice were ob 
tained in some of these patients. Whether or not these were instances of infec 


tious hepatitis cannot be stated with any certainty. 


TABLE V. LIVER SIZE 


EXPERIMENTAL CONTROL BOTH 
% ) (% (% 

Size unknown 16.6 42.9 26.6 
Size recorded 83.4 57. 73.4 
Total 100.0 100.0 100.0 
No enlargement Jae 20.1 22.1 
1 em. below costal margin (Rt. M.C.L. 3.8 6.8 1.8 
2 em. below costal margin (Rt. M.C.] 17.0 16.9 17.0 
3 em. below costal margin (Rt. M.C.I 23.7 24.7 24.0 
4 ecm. below costal margin (Rt. M.C.L.) 24.2 16.9 21.8 
5 em. below costal margin (Rt. M.C.1 5.4 11.2 7.4 
6 em. or more below costal margin PAM | 3.4 2.9 
Total ; 100.0 100.0 100.0 


*M.C.L., Mid-costal line. 
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Size of Liver.—Enlargement of the liver was one of the most constant 
physical findings. More than 75 per cent of the patients had definitely palpable 
livers. In most instances the enlargement was considerable, as is evident upon 
inspection of Table V. It is presumed that such enlargement was the result of 
fat infiltration and hypertrophy of liver cells. Lipotropie substances should 


be of value under these circumstances. 


FINDINGS 


Survival._.—The fate of the patients in the two eroups as of Oct. 1, 1947, 
is summarized in Table VI.) One hundred sixty-nine or 75.5 per cent of the ex- 
perimental group were known to be dead as compared with 266 or 85.5 per cent 
of the control group. This comparison permits no conelusion regarding the 
merits of the therapeutic regimen since the period of observation for the experi- 
mental group was several vears shorter than that of the control group. The 
observed periods of survival after the onset of initial symptoms varied from 
21.0 to 73.0 months in the experimental group as compared with 78.0 to 176.0 
months in the control group. The average period of survival for the period 


of observation was 40.2 and 122.0 months respectively. 


TABLE VI. FATE OF PATIENTS WITH CIRRHOSIS (10/1/47) 


EXPERIMENTAL CONTROL 
NUMBER PER CENT NUMBER PER CENT 
Dead 169 75.5 266+ 85.5 
Living 37 16.5 6 2.0 
Fate unknown 18 8.0 39 12.5 
Total 224 100.0 31] 100.0 


*61.3 per cent autopsied. 
762.2 per cent autopsied. 


Mortality —It was not possible to utilize all these cases since the cause of 
leath in some instances was not thought to be directly or indirectly related to 
he liver disease. In still other instances the lack of adequate data regarding the 
time of onset of the disease precluded use in this comparison. The experimental 
series was thus reduced to 139 patients thought to have died of liver insufficiency 
Iter a definite period of clinical disease as compared with a similar series of 
‘UT cases in the control group. (See Table VIT.) 

The percentage of patients in each of the two groups dead at any given 

me after the onset of the initial symptoms is compared graphically in Fig. 1. 


\o difference between the two groups of patients is apparent. The maximum 


TABLE VII. SELECTION OF CASES FOR STUDY 


EXPERIMENTAL CONTROL 
Complicating disease 9 7 
Inadequate data 21 62 
Available for comparison 139 197 


Total 169 266 
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known period of survival in the experimental group to date is slightly less 
than six years as compared with more than sixteen years in the control group. 

A definite time (within a month) of onset of ascites was elicited in 100 
instances in the experimental group and in 154 instances in the control group. 
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The percentage of patients dead at any given time after the onset of aseites is 


compared for the two groups in Fig. 2. The results are in no wise different fron 


those deseribed in the preceding paragraph. 
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A clear-cut history of the onset of jaundice, thought to be associated with 
the patient’s cirrhosis, was elicited in forty-six experimental subjeets and 
in sixty-three control patients. It is of interest that several patients gave a 


history of jaundice ten or more years prior to the obvious onset of cirrhosis. 
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ich attacks of jaundice were not interpreted as heralding the onset of the pa- 
ent’s cirrhosis. The percentage of patients of the two groups of patients 
nown to be dead at various times after the onset of jaundice is compared in 
ig. 3. Again there is no basis for assumine any difference in the life ex- 
ectancy of individuals in the two groups. 
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Finally, the percentage of patients dead at various intervals after the on- 
set of gastrointestinal bleeding is compared in Fig. 4. The number of patients 
available for comparison was markedly less than in the previously deseribed 
groups: twenty-one in the experimental group and thirty-seven in the control 
group. It will be noted that the treated group fared less well than the control 
group. Since more than half of the treated patients were dead in less than 
two months it is hardly reasonable to assume that therapy could have had any 


influence on these patients. 
COMMENT 


It is clear that in spite of preferential treatment with regard to super 
vision and follow-up care, the experimental group fared no better than the eon- 
trol group so far as survival is concerned. Several possible explanations for 


the failure of the therapeutic regimen to prolong life deserve consideration : 


(1) The regimen was not adequately followed by the patients. 

(2) The disease was so far advanced as not to be amenable to therapy. 

(3) The therapeutic regimen was inadequate in one or more respects. 

(4) Initial liver damage, possibly by factors other than dietary defects, 
had rendered the organ ineapable of utilizing the materials supplied. 


(1) Since 60 to 75 per cent of the patients in this series were chronic alco 
holies it is probable that difficulty was encountered in enforcing the therapeutic 
regimen when the patients were not under observation in the hospital. In 
addition it is important to point out that many of these patients were without 
adequate resources for the purchase of food and other essentials. To avoid this 
difficulty, as previously indicated, prolonged hospitalization was utilized freely. 
Attempts at the evaluation of the adequacy of therapy in individual cases was 
made but was found to be impracticable. 

(2) Evaluation of the stage of the patient’s disease was also difficult. The 
size of the liver is ordinarily considered to decrease as the cirrhosis advances 
This we found was not strictly true. <A large percentage (70 to 75 per cent) ot 
the patients studied, however, did have definite hepatic enlargement suggesting 
hypertrophy and/or fat infiltration. Such patients may reasonably be expected 
to respond more quickly and adequately than those with small, hard, intensely 
fibrosed livers. 

(3) Analysis of the therapeutie regimen in the light of clinical and lab 
oratory observations of the past few vears suggests some desirable changes. Thi 
importance of supplying adequate amounts of an adequate variety of amin 
acids should be emphasized. The patient with cirrhosis is invariably sufferings 
from depletion of tissue protein as well as blood protein. The keen competition 
for individual amino acids that may ensue under such circumstances by ¢ 
multiplicity of body processes is well known. Fat transport and utilization a 
well as repair of damaged liver parenchyma are at the merey of the amino aci 
supply. 


The amino acid supply may be influenced profoundly by the presence o 
pancreatic disease, edema or atrophy of the intestinal tract, and the palatabilit: 
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of the diet (fat content). These obstacles may be at least partially overcome 
by supplementing the oral consumption of protein with parenteral amino acids, 
at least at the onset of therapy. 

Some doubt may be cast upon the wisdom of strict limitation of the fat 
intake. The relative importance of deficiencies of the essential fatty acids, ex- 
cessive cholesterol intake, and adverse effect upon the protein intake cannot be 
decided readily. The great importance of protein would certainly argue in 
favor of considerably more freedom in the fat intake than has been permitted 
in this therapeutic experiment, so as to assure optimal protein intake. 

Only a limited number of studies are available upon which one might base 
any accurate statements regarding choline requirements or tolerance in man. 
It is known that the requirement is influenced by other dietary factors, that is, 
protein’ (methionine, cystine), growth, and so forth. Assuming the require- 
ment in man to be comparable to that in the doe, rat, or ehiek, it) is 
reasonable to assume that the human requirement is near 1.5 to 3.0 Gm. daily.’ 
The average diet of man contains 1.5 to 4.0 Gm, daily.' If the toxie effect of 
choline on man is comparable to that experienced by chicks and mice, man 
would be expected to experience minimal toxic effeets from 15 to 20 Gm. of 
choline daily.! Assuming the daily diet of the patients studied to have con- 
tained 4.0 Gm. of choline, even with the maximum dose used (8 Gm.) no toxie¢ 
manifestations would have been anticipated. It is possible that a marked in- 
crease in choline dosage is indicated since Kaplan and Chaikoff state that as 
much as 3 Gm. of choline daily are required to cure fatty livers in dogs if sueh 
fat infiltration is permitted to develop... Upon the basis of body weight this is 
comparable to doses of 15 to 30 Gm. daily in a human being weighing 60 kilo- 
grams. Mueh of the animal experimentation has been preventive rather than 
curative and is of little value in determining the dose needed in the treatment 
of human beings with established liver lesions. 

The methionine requirement is probably influenced by other dietary factors, 
srowth, and so forth, as is the choline requirement. Very little specifie in 
formation is available to guide one in the matter of dosage. 

While the use of supplements of the B complex (brewers’ yeast, crude 
iver extracts, and so on) was avoided in the treatment of the series of patients 
leseribed, there can be no doubt that such supplements are indicated in view of 

ie multiple evidences of malnutrition observed in patients with cirrhosis. 
\side from the correction of multiple specifie deficiencies, the salutory effect 
pon the patient’s appetite is of extreme value. If was reasoned that mobiliza- 
on of liver fat would be attended by improvement in appetite, and relief of 
ecifie deficiencies, by the ingestion of an adequate diet. This may be true 
it valuable time may be lost at a critical stage in the patient’s illness. 

(4) Primary damage to the liver may so impair its ability to discharge its 
sponsibilities for fat metabolism that a fatty liver will ensue no matter how 
lequate the supply of dietary essentials may be. Such primary damage might 
‘produced by many agents or methods. Experimentally, phosphorus or carbon 
trachloride may produce such impairment of function even though aecom- 
inied by or preceded by the use of lipotropie factors. If the influence of the 
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noxious agent is eliminated and enthusiastie therapy begun, the damage may be 
reversible. Unrecognized or inadequately treated damage of this sort in the 
human subject may be very difficult or impossible to treat successfully when it 
ultimately comes to the attention of the clinician. 


CONCLUSIONS 


Low fat diets supplemented by 1 to 8 Gm. of choline and one quart of 
skimmed milk daily (0.9 Gm. methionine) failed to influence the life span of 
patients with cirrhosis of the liver, even though these patients were much more 


closely supervised than the control series. 
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DISTRIBUTION OF GOLD IN THE ANIMAL BODY IN RELATION 
TO ARTHRITIS 


J.J. BERTRAND, M.D.,* H. Warne, M.D.,t ANb C. A. Tostas, PH.D. 
BERKELEY, CALIF. 


_ vold and gold salts have had wide e¢linical application in dis- 
eases of the skin, in tuberculosis, and of late in rheumatoid arthritis, their 
mode of action is undetermined. Worth-while information about the pharma- 
cology of gold salts has been gained particularly through the applieation of a 
micro method developed by Block and Buchanan! in the metabolie studies of 
Freyberg and associates* * as well as in the investigations by Denko and Ander- 
son,” Cortell and Richards,’ and Hartung and Cotter.!’ The following contains 
experimental data on the distribution of gold given as radioactive material and 
first used by Ely." 
METHOD 
Aul98 (half life, 


Oo 7 
‘ 


day s) produced il 


a pile by the (n, y) reaction was obtained 


from the Atomic Energy Commission with a specific activity of about 2.5 me. per milligram. 


Radioactive gold sodium thiosulfate was synthesized from the radioactive gold and admin 


istered intravenously. The tissue samples and excreta were weighed and digested in nitric 


acid and hydrogen peroxide; the gold was then quantitatively removed by a process of electro 

depositionl2 developed by Dunn of this Inboratory. The planchets with the radioactive gold 
| : : | 

were counted by means of a bell jar Geiger-Miller counter with a thin 


lata presented were corrected for half life. 


mica window. All 


RESULTS 

The exeretion of Au'’* was studied in two white rats. The fractions of 
initially administered drug excreted during the first eight days are given in 
Table I. After the first week excretion became very slow. Further exeretion 
tudies are now in progress. 


Gold Distribution mw Rats.—Distribution experiments were set up using rats 
n which quantitative recovery of the administered gold was attempted. In 
ese experiments all excreta were saved, the gold being recovered from this 
nd from the whole careass (minus samples removed). When such a procedure 
vas followed, 97.75 per cent of the total gold administered could be recovered. 
duplicate samples of each tissue were taken as a further check on the aeceuraey 
f the method emploved. 

The discrepancies indicated for bone and synovialis cannot be explained 
mpletely. In the case of svnovialis, values tend to become higher at longer 
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TABLE I 


GOLD THIOSULFATE EXCRETION (%) 


riMt DAY URITNI FECES 
1 S.4 3.5 
2 2.7 1.0 
” | 9 R OLS 
»-0 1.1 0.6 
rf 1.0 0.8 
Total in 8 days 16.3 0.4 
\dministered 1 mg. 0.1 millicurie. 
TABLE II. DisTRIBUTION OF GoLD SopruM THIOSULFATE IN THE RAT, QUANTITATIVE RECOVERY 
PER CENT OF INJECTED DOSI 
TISSUI PER GRAM TISSUI 
Muscle 10] OTS 
Skin 246 206 
Liver 668 660 
Kidney D780 5.820 
Spleen 1310 1.180 
Heart sLoe 187 
Intestine bs) 210 
Lung 13] 129 
Svnovialis 295 485 
Articular cortex (bone 212 207 
Bone 00057 0014 
Blood 3.87 3.47 
Carcass a TS 
Blood §2.30) 
Excreta 24.24 
Total recovered 07.79% 
Duplicate samples used. Intestinal sample taken from ileum. Administered dose, 1.2 m¢ 


1 mg. gold). Rat sacrificed forty-eight hours after administration. 
Articular cortex refers to cartilage of joint surface and compact bone directly under it. 


intervals, and there is also the factor of small sampling. Synovial samples from 
rats average 5 to 10 mg., and small amounts of evaporation could easily account 
for significant weight loss in such samples. Any such error is greatly increased 
when data are expressed in terms of grams. 

When the accuracy of the technique was ascertained by sueh quantitative 
recoveries a series of fifteen rats was employed, each rat receiving 2 ml. ol 
radiogold sodium thiosulfate solution containing 1.0 mg. of gold and approxi 
mately 1 me. of radioactivity. The amount of radioactivity varied with the tim: 
of injection and was in all cases exactly known. The animals were sacrifice 
at intervals of two to eight days. Before sacrifice these animals were perfused 
with physiologic saline solution through the proximal end of the inferior ven: 
cava and were bled through the distal end of the same vessel; in some eases 
however, the saline was introduced directly into the heart while bleeding tool 
place through the inferior vena cava. 

The agreement between respective determinations was fair in most cases 
however, some organs showed considerable fluctuations in gold econtent—notably 
the kidney and spleen. The time interval had little to do with the values o 
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any given tissue, which would seem to indicate that gold is held rather firmly 
by the respective tissues once it has left the blood stream. As can be seen in 
Table I, the amount excreted is small after the fourth day. 

Gold distribution data were taken on ten rabbits at different time intervals. 
Before sacrifice the rabbits were perfused with normal saline through the 
proximal end of the inferior vena cava and bled through the distal end of the 
same vessel. There was a general agreement between respective determinations 


although some organs showed considerable fluctuations in gold content. A typ- 


ical set of the results obtained for the concentration of Au’. in various types 


of tissue is given in Table IV. 


TABLE ITI. DISTRIBUTION OF GOLD IN RATS 


PER CENT OF INJECTED DOSI 


Tissue PER GRAM TISSUE 
Kidney 8.72 
Spleen 1.14 
Thyroid Ah.) 
Synovialis 67 
Liver .67 
Tendon oo 
Skin AT 
Articular cortex (bone) 45 
Testicle 28 
Heart Al 
Muscle O07 
These data represent the averages on fifteen rats. 
FABLE IV. GonLp DISTRIBUTION IN THE RABBIT; DOSE 404 Microcurig At 1.0 MG. Av); 
SACRIFICED SEVENTEEN DAYS AFTER ADMINISTRATION 
PER CENT OF INJECTED DOSE 
TISSUE PER GRAM TISSUE 
Kidney BY; 
Spleen 14 
Liver O01 
Adrenal .03 
Tendon .023 
Skin 016 
Small intestine O15 
Synovialis .014 
Bone .014 
Blood 014 
Marrow OLS 
Lymph node 012 
Aorta 012 
Testicle .O] 
Heart .009 
Artiecular cortex (bone) 007 
Lung .006 
Muscle .002 


In the course of this work specific activities of several tissues were ascer- 
ned for which the uptake of gold salts had not been demonstrated previously, 
‘+h as the iris, aqueous and vitreous humors, and brain. All these organs con- 
ined gold quantities in the order of 10° per cent of the injected amount per 


m of tissue. 
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A comparison of the data given for rabbits and rats shows great variance 
which is due to the greatly increased dilution of the administered dose in’ the 
rabbit. The average weight of the rats used was 150 grams, while that of the 
rabbits equaled 2.5 kilograms. When correction was made for this factor the 


results were comparable, as can be seen in Table V. 


TABLE V. COMPARISON OF GOLD DISTRIBUTION IN RABBITS AND RATS 
rISSU! RA RABBIT 
Kidney 8.72 6.14 
Spleen 1.14 BE 
Liver LO7 1.16 
Svynovialis 67 23 
Tendon 52 08 
Skin AT 28 
Articular cortex 45 12 
Heart 21 me Is 
Muscle 07 03 

Values expressed in per cent total dose injected per gram. tissue. 


The similar relative order is interrupted by the synovial sample in the rat, 


which may be falsely high. 


Gold Uptake in Chemical Synovitis.—Chemical arthritis was produced in 
five rabbits by the intra-articular injection of 0.5 ¢.c. of a solution, composed of 
U.S. P. turpentine 3 parts and diethylether 1 part, into the knee joint of on 
extremity. This was repeated in five days. Ten days after the initial injection 
the animals were given the radiogold thiosulfate by the intravenous route, and 
five days later the rabbits were sacrificed for assay after first being perfused 
with 0.89 per cent saline. The rabbits had not been walking since twenty-four 
hours following the initial treatment. The joints were swollen to twice the 
normal size and were tender and hot to the touch. 

On autopsy the svnovialis showed proliferation to a moderate degree and the 
articular surfaces were dull and roughened. 

As can be seen from Table VI, in all cases the chemically inflamed tissues 
took up a significantly larger amount of gold salt than the normal tissue. From 
previous experience with the distribution of gold in the blood components it 
was known that the white blood cells contained considerable amounts of thio 
sulfate, and it was thought that this fact might account for the higher level i: 


TABLE VI. CHEMICAL ARTHRITIS 


N-Tendon O04 006 LORS 023 026 
P-Tendon O15 016 124 eH | 04 

N-Synovia O15 O18 O74 16 02 
P Synovia ODS .OS4 225 09% 
N-Cortex L009 OLS O05 13 OD 

P-Cortex 02 05 LOSD 19 Be 

N-Muscle 0029 07 

P-Muscle .03 113 

PUS O28 .033 £05 


Rabbits were given 1.5 me. ten days after turpentine injection. Values are expressed 
per cent total dose per gram tissue. 
P and N refer to pathologic and normal respectively. 
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the inflamed tissues; however, pure pus from sterile abscesses was found to 
have less activity per gram than the tissues under consideration, and in tissues 
such as bone and tendon large exudative responses were not noted. It was clear 
from this that even though the inflammatory elements might be responsible 
for part of the concentration they could not possibly account for all and that 
in the presence of inflammation the tissues themselves soaked up more of this 
salt. 

In view of these facts we wondered about the specificity of this phenomena 
for joint structures. It was found that apparently the reaction would occur 
outside of joints, for when the same chemical irritant was injected into muscle 
and a sterile abscess formed, the muscle wall of the abscess would also accumu- 
late the salt. This perhaps makes the accumulation in the joints less note- 


worthy but nonetheless real. 


Human Erpertmentation.—It was possible* to carry out a preliminary dis- 
tribution experiment on a human arthritic subject. The patient selected was a 
d7-year-old white woman with rheumatoid arthritis of a moderately advanced 
stage and of approximately ten vears’ duration. Pain upon motion was present 
in both knees; movement was only shghtly restricted. The patient had never 
received chrysotherapy. She was given 1,010 microcuries of radiogold as the 
sodium thiosulfate salt, representing 2.5 mg. of gold. Twenty-four hours after 
administration, biopsy of the left knee was donet; specimens of skin, superficial] 
fascia and fat, deep fascia and fat, synovial fluid, synovial membrane, and mus- 
cle were taken. Of the tissues taken, the svnovialis was by far the most active, 
with the synovial fluid next in activity. This indicates that in human beings 
with rheumatoid arthritis the svnovialis is at least somewhat of a concentrator 


of oold, 


TABLE VII. GOLD DISTRIBUTION IN RHEUMATOID ARTHRITIS 


Synovialis O14 

Synovial fluid 094 

Muscle 0013 . 
Superficial fascia 000366 

Deep fascia 000596 

Skin OO077 


It is interesting to note that the synovialis is eighteen times higher in gold 
mtent than skin. If we compare the gold concentrating ability of human and 


skin, the value (.014 per cent) for svnovialis is in the range one would 
pect for kidney—18 times 47 (rat skin) equals 8.46 (value for rat kidney 


CONCLUSIONS 


Au'®* is a suitable radioactive isotope for studying the action of gold on 
animal body. Excretion and distribution data obtained with this isotope 


*Through the cooperation of Professor William J. Kerr, Chairman, Department of Medi- 
, University of California Medical School. 
‘By Dr. Verne Inman, Department of Surgery, University of California Medical School. 
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conform with previous observations using stable gold. Synovialis, tendon, and 


articular cortex in chemical arthritis show a greater uptake of gold than similar 


tissues of normal joints, and this was shown to be nonspecific since the muscle 


wall of sterile abscesses exhibits the same phenomenon. Passage of gold from 


the blood stream into the central nervous system and ocular structures of rab 


bits has been demonstrated. 


A 


11. 
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THE EFFECT OF NUTRITION ON THE TUMOR RESPONSE IN 
ROUS CHICKEN SARCOMA 


Pau. A. Lirtier, M.S., J. J. OLEsoN, Po.D., anp Y. SuspBaRow, PH.D. 
PEARL River, N. Y. 


INTRODUCTION 


UMEROUS observations have confirmed the fact that nutrition may in- 

fluence the genesis and growth of tumors in rats and mice. The seareh for 
requirements in the nutrition of malignant tissue should reveal findings that are 
valid regardless of the nature of the tumor studied or the kind of animal used, as 
well as more limited findines. Such information might well inelude the facets that 
adequate calorie intake has been shown necessary for tumor growth! and that 
vitamins such as pantothenie acid and riboflavin have been found stimulative,? 
whereas choline may be inhibitory." 


EFFECT OF NUTRITION IN ROUS SARCOMA 


Little and co-workers* showed that folie acid has a marked effect on the 
tumor response in Rous chicken sarcoma. The effectiveness of folie acid free 
diets in preventing the tumor response of baby chicks and the rapidity and 
regularity with which the response occurred in adequately nourished chicks led 
us to our present study of the effect of each of the different constituents in a 
synthetic diet for chickens. 

The data to be presented confirm observations made on rats and mice to the 
effect that malignant tissue may utilize vitamins such as pantothenie acid and 
riboflavin for growth. Our results also indicate that nicotinamide and cholic 
acid may be stimulative. However, folie acid appears to be the only nutrient 
required to the extent that tumor response is prevented by its absence. 


Method for Demonstrating the Effect of Nutrition.—In our tests, the extent to which 
each nutrient influenced tumor response was determined by comparing the incidence of tu 
ors in groups of chicks fed the complete diet with the incidence of tumors in groups fed 
e same diet without the nutrient. By comparing observations made on the eighth, tenth, 
velfth, fourteenth, and sixteenth day, the effect of nutrition was evaluated for all stages 
rom the usual time of first appearance of tumors to the time when 90 to 100 per cent of 
mtrol birds showed tumors. The response with and without nutrient was calculated from 
* combined results of different tests where more than one test was carried out. The per 
ntage of birds showing tumors when fed diets with the nutrient was divided by the per 
nutage showing tumors when fed the same diet without the nutrient. The nutrients which 
wed no stimulative effect gave values of approximately 1.0. 

Relation of Size of Inoculum to Tumor Response.—An even distribution of tumor re 
mses over the eight days selected for observation of results was readily obtained by con 
liing the size of the inoculum. As shown in Table I, there is a direct correlation between 
‘size of inoculum and the length of the latent period. 

We used homogeneous samples of frozen virus, prepared by blending fresh tumor tissue 


a Waring mixer and weighing 2 Gm, amounts into sterile Petri plates to be stored in a dry 


From the Lederle Laboratories Division, American Cyanamid Company. 
teceived for publication, June 2, 1948. 
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TABLE I. TuMOR RESPONSE OBTAINED WITH HOMOGENEOUS PREPARATION OF INOCULUM KEP’ 
FROZEN FOR VARIOUS PERIODS 


AMOUNT OF | 


INOCULUM | TOTAL NUMBER OF AVERAGE 
USED INOCULUM NUMBER OF CHICKS LATENT 
- (9.25 ML. KEPT FROZEN CHICKS THAT GREW PERCENTAGE PERIOD 
DOSE ) (DAYS ) USED TUMORS OF TAKES (DAYS) 
10 mg. Fresh 21 2] 100.0 7.90 
16 16 15 93.7 7.93 
1 meg. Fresh 25 25 100.0 9.56 
16 16 15 93.7 9.66 
24 190 173 90.1 9.53 
0.1 mg. Fresh 25 Zo 92.0 12.04 
16 17 16 94.1] Li 
24 190 157 82.6 11.08 
0.01 mg. Fresh yas 13 56.5 12.84 
16 2() & 410.0 14.00 
ice chest until used. Preliminary suspensions containing 10 mg. in a 0.25 mi. dose were 


prepared by adding 50 ml. of 2 per cent peptone solution to 2 Gm, of tumor tissue, A Ten 
Brock grinder was employed, and further dilutions were made in peptone solution. 

In our experiments the desired length of latent period was obtained with 1 mg. of 
inoculum. The frozen virus was found to be stable for at least a month. It is of interest 
that Reinhard and co-workers> found a similar relationship between the size of inoculum and 
the length of the latent period for growth of a transplantable mouse adenocarcinoma, 

One-day-old New Hampshire Red chicks which were the progeny of a selected flock (as 
described in our previous report4) were injected in the right breast with 0.25 ml, of the sus 
pension containing the 1 mg. dose. The feathers were removed from the breast area before 
inoculation. Groups of ten birds were placed on diets with and without each nutrient tested. 
Nutrients which were of interest because of possible stimulative effect were retested several 
times. The chicks were maintained in electric brooders at 90° F.; water and food were sup 
plied ad libitum. Approximately 400 chicks (ten to twenty per group) were used in each 
experiment. 


The basal diet contained 53 per cent Cerelose,* 22 per cent alcohol extracted casein, 4.3 


per cent salt mixture, 3 per cent calcium gluconate, 8 per cent gelatin, 4 per cent Ruffex,t 5 
per cent soybean oil, 0.25 per cent cholic acid, 0.45 per cent cystine, 200 mg. per cent choline 
chloride, 3 mg. per cent calcium pantothenate, 3 mg. per cent nicotinamide, 0.5 mg. per cent 
pyridoxine, 0.3 mg. per cent thiamin chloride, 0.03 mg. per cent biotin, 0.5 mg. per cent ribo 
flavin, 100 mg. per cent inositol, 5 mg. per cent para-aminobenzoie acid, 0.2 mg. per cent 
folic acid, 5 mg. per cent vitamin FE, 0.2 mg. per cent vitamin K, 3,500 units per cent vitamin 
A, and 200 units per cent vitamin D. The diet with nutrient was usually the complete diet 
A commercial chick starter gave the same tumor response as the complete synthetic diet. I 
studies of substitutes for soybean oil, the diet with nutrient contained the substitute and the 
basal diet was soybean oil free. In these tests the vitamins A, D, E, and K were added it 
propylene glycol. 

The chicks were observed daily beginning with the eighth day and continuing throug! 
the sixteenth day at which time adequately nourished groups showed 90 to 100 per cent 
tumors. Wing tags applied on the sixth or seventh day were used to identify individual birds 
The increasing sizes of tumor were recorded (as previously described) for evidence as to the 
accuracy of first observations. Tumors recorded as questionable were counted in determining 
the response whenever this observation was confirmed by subsequent findings. 

*Glucose monohydrate. Fisher Scientific Co., Pittsburgh, Pa. 

*Purified cellulose containing 70 per cent a cellulose and 30 per cent other celluloses 
Fisher Scientific Co., Pittsburgh, Pa. 
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EXPERIMENTAL RESULTS 


Three distinet types of results have been obtained with nutrients which 
demonstrated a definite stimulative action on tumor growth. While with and 
without values of approximately 1.0 were obtained in tests on nutrients which 
did not stimulate tumor growth, (A) constant values of approximately 3.0 were 
obtained in tests of riboflavin, (B) descending values of 13.0, 6.2, 4.6, 2.6, 2.1 
were obtained in tests of nicotinamide, and (() ascending values of 13.0, 40.0, 
63.0, 89.0, 93.0 were obtained in tests of folie acid. While other nutrients gave 
results similar to those illustrated in A and B, folie acid was the only nutrient 
viving the result C. 


The Effect of Vitamins From Liver.—Table II shows the effect of nine water- 
soluble vitamins on the tumor response of chicks to Rous sareoma virus. Folie 
acid produced the greatest effect and para-aminobenzoie acid and biotin produced 
the least effect. Nicotinamide and calcium pantothenate influenced the rate 
of growth more than the final incidence; riboflavin did not change the rate of 
growth but did influence the incidence at all stages. 


TABLE II. EFFECT OF WATER-SOLUBLE VITAMINS IN Diet ON Rous SARCOMA (RATIO OF PER 
CENT INCIDENCE ON THE COMPLETE DIET TO PER CENT INCIDENCE ON THE 
DEFICIENT DIET) 


NUMBER| | 


| 
RESPONSE WITH VITAMIN 
AMOUNT | OF  |NUMBER 
| 


IN CHICKS! OF RESPONSE WITHOUT VITAMIN 

VITAMIN DIET |(A/Bt) | TESTS S 10 12 a | JI¢6 
Thiamin* 3 mg./kge. 10/10 l 30.0 LS 1.3 ie Et 
Riboflavin 5 mg./kg. 39/37 } 21 3.0 3.1 SL 3.1 
Pyridoxine* 5 mg./kg. 30/30 3 2.0 2.8 1.8 1.4 RS 
Nicotinamide 30 mg./kg. 29/29 3 13.0 6.2 $.6 2.6 2.1 
Calcium pantothenate* 380 mg./kg. 29/18 3 24.0) 11.0 2.6 2.0 1.8 
Inositol 1 Gm./kg. 29/725 3 13.0 1.2 Ed 1.0 1.0 
Para-aminobenzoie acid 50 mg./kg. 19/19 2 1.4 Teal 1.0 0.8 0.8 
Biotin 0.3 mg./kg. 29/27 3 Ll 1.8 1.2 Lea Ra 
Folie acid 2 mg./kg. 30/32 3 13:0 40.0 63.0 SY.0 93.0 


*Vitamin deficient chicks were revived with complete diet beginning on the tenth day. 
ta/b, Total chicks used to determine effect of diets (a) with and (b) without the vitamin 
pecified. 


Since deficiencies of thiamin, pyridoxine, and calcium pantothenate caused 
serious loss of weight, chicks fed diets without these vitamins were revived with 
complete diet beginning on the tenth day. In previous work with folie acid it 
iad been shown that the stimulative effect of restoring this vitamin on the tenth 
lay does not become apparent for at least seven days. This practice was adopted 
n the case of thiamin, pyridoxine, and calcium pantothenate deficiencies to 
ermit survival of the birds for the duration of the test. The responses with and 

ithout one of these vitamins for the twelfth, fourteenth, and sixteenth day 
lay or may not be influenced by restoring the vitamin on the tenth day. 

Since liver is a rich source of still unidentified vitamins, several fractions 
' liver were tested in the presence of the nine purified vitamins for possible 

imulative effect on the tumor response of chicks to Rous sarcoma virus. None 
' the liver fractions influenced the rate of growth or incidence of tumor to an 
xtent which would indicate the presence of additional factors for tumor growth. 
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The Effect of Vitamins A, D, E, and K.—The results of tests of diets with 
and without vitamins A, D, KE, and K are shown in Table III. None of these 
vitamins stimulated tumor growth when present in the diet. The values 0.8, 0.6, 
and 0.5 suggest that the oil-soluble vitamins may slightly retard tumor growth. 
It is of interest that diets with and without the combination of soybean oil and 
vitamins A, D, E, and K influenced the tumor response to a greater extent than 


did the diets with and/or without the oil-soluble vitamins alone. 


TABLE IIT. Errecr or O1rn-SoLuBLE VITAMINS IN Diet ON Rous SARCOMA (RATIO OF PER 
CENT INCIDENCE ON THE COMPLETE DIET TO PER CENT INCIDENCE ON TIE 
DEFICIENT DIET 


NUMBER | RESPONSE WITH VITAMIN 
OF NUMBER 
AMOUNT IN | CHICKS OF RESPONSE WEITHOUT VITAMIN 

VITAMIN DIET (A/B TESTS Ss 10 12 14 16 
Combined 

A 35,000 I.U./kg. 

D 2,000 I.U./kg. 19/19 Z OS 1.0 1.0 1.0 1.0 
Combined 

A 35,000 1.U./ke. 

D 2.000 1.U./kg. 

E 50 mg./kg. 

K 2 mg./kg. 10/10 | 5.0 1.3 1.1 & 13 
E 50 mg./kg. 10/ 8 0.6 1.2 1.4 12 2 
K 2 mg./kg. 10/10 | 0.5 1.0 do Ld 1.0 
Combined 

Soybean oil 5 per cent 

A, D, E, K As above 20/23 2 10.0 2.6 2.3 2.0 1.6 


*\/B, Total chicks used to determine effect of diets (A) with and (B) without the 
Vitamin specified. 


The Effect of Various Fats and Oils—Table IV shows the results of tests 
in which twelve different substances were tested in a soybean oil free diet. None 
of these substances stimulated tumor growth. Soybean lecithin, eod-liver oil, 
and linoleic acid appeared to retard tumor growth when present in the diet 
Most of the other substances in the group showed this effect to some degree. 


TABLE IV. EFFECT OF FATS AND OILS IN DIET ON ROUS SARCOMA (RATIO OF PER CEN 
INCIDENCE ON THE COMPLETE DIET TO PER CENT INCIDENCE ON THI 
DEFICIENT DIET 


NUMBER —— varie ~ 
RESPONSE WITH NUTRIENT 


AMOUNT OF NUMBER is 
IN DIET CHICKS OF RESPONSE WITHOUT NUTRIENT 
NUTRIENT* (%) (A/Bt ) TESTS S 10 | 12 14 16 
Beef liver fat 5 10/10 l 1.0 1.0 0.7 1.0 1.0 
Cholesterol l 54/54 3 1.0 Bre 0.7 0.7 0.8 
Coconut oil 5 30/30 } 0.1 L.3 1.] 1.3 1.3 
Cod-liver oil 3 10/10 ] 1.0 0.7 0.4 0.5 0.6 
Corn oil 5 10/10 1 0.5 0.5 0.8 1.0 1.0 
Crisco 5 10/10 l 1.0 1.2 0.5 0.8 0.8 
Lanolin 3 10/10 ] 1.0 0.7 0.5 0.8 0.8 
Lard 5 10/10 1 0.0 0.7 0.5 0.6 0.8 
Linoleic acid 3 30/30 } 0.0 0.5 0.7 0.8 0.8 
Sodium oleate 3 30/30 3 0.1 1.2 1.0 1.2 1.3 
Sovbean lecithin ] 20/20 2 0.0 0.8 Lo 1.4 1.3 
Soybean lecithin 3 10/10 l 0.0 0.5 0.5 0.6 0.6 
Soybean oil 5 20/20 2 2.0 1.3 1.0 1.0 1.0 


*The basal diet was oil-free; vitamins A, D, E and K were added in propylene glycol. 


ta/b, Total chicks used to determine effect of diets (a) with and (b) without the sul 
stance specified. 
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The Effect of Cholic Acid.—Table V shows the results of tests of diets with 
and without cholie acid, sodium chloride, gelatin, caleium gluconate, and Ruffex. 
Diets with and without cholie acid influenced tumor growth in much the same 
way as did diets with and without riboflavin. Three times as many tumors 
developed when cholic acid was present in the diet. 

TabLE V. Errecr or CHOLIC AcID IN DIET ON ROUS SARCOMA (RATIO OF PER CEN' 


INCIDENCE ON THE COMPLETE DIET TO PER CENT INCIDENCE ON THE 
DEFICIENT DIET) 


NUMBER a it eee 
Bes RESPONSE WITH NUTRIENT 
AMOUNT OF NUMBER 
IN DIET CHICKS OF RESPONSE WITHOUT NUTRIENT 
NUTRIENT (% (A/B TESTS s 10 12 l4 16 
Chole aeid 0.25 20720 pe 30.0 Boys so 5.1 oa. 
Sodium chloride l 15/15 l 0.4 0.6 0.9 0.8 0.9 
Gelatin Ss 10/10 | 3.0 res 1.4 12 1.2 
Combined 
Gelatin S 
Calcium gluconate 3 10/10 1 3.0 (Gi 1.6 1.6 1.4 
Ruffex j 65/65 } 1.6 1.0 0.9 0.8 0.8 


*a/b, Total chicks used to determine effect of diets (a) with an (b) without the sub- 
tance specified. 


SUMMARY 


The effect of nutrition on the tumor response in Rous chicken sarcoma was 
determined by comparing observations of chicks fed synthetic diets with and 
without each nutrient. Tumor response was stimulated by the presence of folie 
acid, nicotinamide, calcium pantothenate, riboflavin, and cholie acid in the diet. 
Folic acid was the only nutrient required to the extent that tumor response was 


prevented by its absence from the diet, 
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THE USE OF ANTAGONISTS OF PTEROYLGLUTAMIC ACID IN 
CONTROLLING ROUS CHICKEN SARCOMA 


Pauu A. Lirrie, M.S., ANGUS SAMPATH, AND Y. SuppaRow, PH.D. 
PEARL River, N. Y. 


INCE Woods! deseribed the interference of p-aminobenzoic acid on the 
S action of sulfonamides, the antagonism between compounds promoting 
erowth and those which inhibit growth has received increasing attention. An- 
alogues of pteroylglutamie acid (folie acid) have been studied extensively. 
The antagonistic activity of these compounds in the growth of Streptococcus 
faecalis R has been examined by Hutchings and Stokstad.* Experiments lead 
ing to the demonstration of a stimulatory effect of pterovlglutamie acid and 
an inhibitory effect of its antagonists on Rous chicken sarcoma have been re 
ported by Little and co-workers* and by Woll.° 

In the present report we wish to present more recent findings with regard 
to the effect of choice of antagonists and method of administration on the out- 
come of experiments with Rous chicken sarcoma. Table I contains a list of the 
antagonists of pteroylglutamie acid which we have tested for ability to control 
Rous chicken sarcoma. Both the abbreviated names of compounds (such as 
used in our first report on Rous sarcoma) and the complete chemical names are 
shown as an aid in referring to reports dealing with the synthesis of these com- 
pounds. The antagonists which we have found most useful, for reasons to be 
discussed, are the 4-amino-pteroylaspartic acid and the 4-amino-pteroy! d(-) glu- 
and the 4-amino 
pterovlglutamic acid synthesized by Seeger, Smith, and Hultquist.*+ 


tamiec acid which were synthesized by Mowat and others,'°* 


PROCEDURE 


In producing Rous chicken sarcoma we have employed homogeneous samples of frozet 
virus prepared by blending fresh tumor tissue in a Waring mixer and weighing 2 Gm. amounts 
into sterile Petri plates to be stored in a dry ice chest until used. Preliminary suspensions 
containing 10 mg. in a 0.25 ml. dose were prepared by adding 50 ml, of 2 per cent peptone 
solution to 2 Gm. of tumor tissue. A Ten Brock grinder was employed, and further dilution 
were made in peptone solution. The size of inoculum used in our experiments was determine: 
by titration of the virus for even*distribution of tumor responses over a period of time fro! 
the eighth to the sixteenth day of the test. The frozen virus was found to be stable for at leas 
a month with respect to the effect of concentration of virus on the time distribution of tum 


responses. Table IT illustrates the method employed for standardizing the virus. 


HANDLING OF CHICKS 


New Hampshire Red chicks which were the progeny of a selected flock (as described 
our previous report)4 were injected in the right breast with 0.25 ml. of the suspension co! 
taining the dose required for the desired distribution of tumor responses. The feathers we! 
removed from the breast area before inoculation. Groups of ten birds were compared wit 

From the Lederle Laboratories Division, American Cyvanamid Company. 

Received for publication, June 2, 1948. 

*Lederle Laboratories Division. 

*Calco Chemical Division. 
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TABLE I. List OF ANTAGONISTS OF PTEROYLGLUTAMIC ACID TESTED ON ROUS CHICKEN 
SARCOMA 


REF 
ABBREVIATED NAME CHEMICAL NAME ERENCE 
Pteroylaspartic acids N-[4-{| (2-amino-+-hydroxy-6-pteridyl)-methyl | 6 
amino}-benzoyl]-aspartie acid 
t-Amino-folic acid®* or N-|4-{| (2,4-diamino-6-pteridyl])-methyl]-amino} 5 
t-Amino-pteroylglutamie acid benzoyl |-glutamie acid 
V-methyl-folic acid* or N-|4-{N| (2-amino-4-hydroxy-6-pteridy] methyl | 3, 8 
N-methyl-pteroylglutamie acid N-methvlamino}-benzoyl|-glutamie acid 
NV-methyl-pteroice acid® t-{ N-| (2-amino-4-hydroxy-6-pteridy1) -metliyi | ov, 8 
N-methyvlamino}-benzoie acid 
t-Amino-N-methyl-folie acid* on N-|4-{N-| (2,4-diamino-6-pteridyl])-methyl |-V 3, 9 
t-Amino-N-methyl-pteroylglu methylamino}-benzoyl|-glutamic acid 
tamic acid 
t-Amino-N-methyl-pteroi¢ acid t-{ N-| (2,4-diamino-6-pteridyl) methyl |-V 9 
methylamino}-benzoie acid 
t-Amino-pteroylaspartie acid N-[4-{| (2,4-diamino-6-pteridy] ) -methyl] |-amino} 10 
benzoyl |-aspartice acid 
t-Amino-folie acid with d(-) glu V-[4-{ | 2,4-diamino-6-pteridy])-methyl ]-amino} 10 
tamie acid* or benzovl |-d(-) glutamie acid 
t-Amino-pteroyl-d(-) glutamie 
acid 


*Designation used in our first report on the effect of folic acid and 


Its antagonists on 
Rous chicken sarcoma.‘ 


TABLE II, TITRATION OF ROUS SARCOMA VIRUS FOR EVEN DISTRIBUTION OF TUMOR 


RESPONSES 


= Oe ees PERCENTAGE OF CHICKS WITH TUMORS 
AMOUNT OF TISSUE TOTAL TOTAL 
IN INOCULUM CHICKS TESTS DAY 
(0.25 ML.) USED MADE S 10) 12 14 16 
10 me, 37 64 83 90 Gi) Q7 
1 me. 140 14 14 tO oS 71 9] 
100 pe 140 14 0 6 26 15 71 
10 Le 140 14 if) ] 3 14 3 


*This amount of virus gave the desired distribution of tumor respor 


ses 


s many untreated controls. The chicks were maintained in electrie brooders at 90° F.; 


vater and food were supplied ad libitum. Baby chicks varying from 


te 


l to 8 days old were 
sted for ability to resist the toxic effect of different antagonists of folie acid. 

A daily record of observations was made from the eighth day of the test to the twentieth 
ay. The growth of tumors from the time of first appearance was recorded in the manner 


reviously deseribed. This information enabled us to demonstrate retardation of tumor 


rowth when inadequate doses of antagonists were used, In the tables presented in this 


aper, chicks showing the slightest evidence of tumor have been counted in with those showing 
e usual tumor response characte *istie of untreated groups. 


EXPERIMENTAL RESULTS 


Table III shows the results of experiments with 4-amino-pteroylaspartie 
cid, This antagonist of folic acid was administered (1) by daily intraperitoneal 
jection to chicks which were 2 days old at the start, (2) by daily intraperito- 
cal injeetion to chicks which were 8 days old at the start, and (3) by feeding to 

icks which were only 1 day old at the start. It is apparent from Table III 
at under the conditions in (1) the toxicity of the chemical for the chicks inter- 
red with its value as an inhibitor of tumor growth. Under the conditions in 
’) the chicks were more resistant to the toxie effect of doses inhibitory to tumor 
owth. Under the eonditions in (3), chicks only 1 day old at the start could 
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TABLE LIT. USE or 4-AMINO-PTEROYLASPARTIC ACID IN CONTROLLING ROUS CHICKEN 
SARCOMA 


DIED OF TREATED UNTREATED 

AGE OF CHICKS DOSE Ok rOTAL CHICKS POXICITY OF CHICKS WITH CHICKS WITH 

AT START CHEMICAI USED CHEMICAL OUT TUMOR OUT TUMOR 
DAY (MG. PER GROUP af af (% 


(1) Antagonist Administered bu Daily Intrape ritoneal Injection to Baby Chicks 


pd 0.02 10 () 44 0) 
» 0.1] 10 10) 50 10 
» 0.2 20) 75 80) 5 
» 0.2 10 St) 50 () 
» {hea 10) 6 50 7) 


(2) Antagonist Administered by Daily Intraperitoneal Injection to Week-Old Chicks 


Q 0.2 10 0 60 10) 
bt ().4 lt 10 t4 10 
(s Antagonist Administered in Diet of Baby Chicks 
l 20/ke 15 0 0 9 
| Si) ke 1) 10 rh 5 


TABLE IV. UsE OF 4-AMINO-PTEROYL-D GLUTAMIC ACID IN CONTROLLING RoUS CHICKE? 


SARCOMA 


rREATED UNTREATED 
AGE O} rOTAI DIED OF CHICKS CHICKS 
CHICKS AT DOSE Okt CHICKS TOXICITY OF WITHOUT WITHOUT 
START CHEMICAITI USED CHEMICAT rUMOR rU MOR 
DAY MG. PER GROUP of a// (%) 
(1) Antagonist Administered by Daily Intraperitoneal Injection to Baby Chicks 
3 0.0] 10 0) a2 0 
2 0.02 10 20 12 0 
3 0.1 LO 30 75 () 
» 0.2 »() 45 66 2 
» 0.2 10 SO) D0 0 


(2) Antagonist Administered by Daily Intrape ritoneal Injec tion to Week-Old Chicks 


S 0.1 10 20 af 10 

S 0.2 10 30 42? 10 

Ss ().4 10 60 100 10 
(3) Antagonist Administered in Diet of Baby Chicks 

l 20/keg. 15 f) 0 g 

l S0/ke. 20) 0 5D D 


TABLE V. USE OF 4-AMINO-PTEROYLGLUTAMIC ACID IN CONTROLLING ROUS CHICKEN SARCOMA 


TREATED UNTREATED 
TOTAI DIED OF CHICKS CHICKS 
AGE OF DOSE OF CHICKS TOXICITY OF WITHOUT WITHOU' 
CHICKS CHEMICAI USED CHEMICAI TUMOR rUMOK 
AT START MG. PER GROUP “ “ “ 


(1) Antagonist Administered by Daily Intrape ritoneal Injection to Baby Chicks 

» davs 0.0] 10 100 0 

3 days 0.1 10 100 i) 
(2) Antagonist Administered in Diet of Baby Chicks 

1 day 20/ke. »() 100 e rt) 


Antagonist Administered by Daily Intraperitoneal Injection to Adult Birds 


6 weeks 1.0 10 10 62 0 
7 weeks 1.0 10 (0) 60 0 


S weeks 1.0 10 0 10 () 
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be treated successfully with SO me. of 4-amino-pteroylaspartic acid per kilo- 
eram of diet without toxie effect. The diet was the regular commercial chick 
ration. 

Table IV shows that similar results were obtained with 4-amino-pteroyl- 
d(-)glutamie aeid. Daily injections of the doses of chemical required to inhibit 
tumor growth resulted in impairment of health and eventual loss of birds when 
the chicks were 2 to 8 days old at the start. Chicks 8 days old at the start 
showed greater resistance to the toxie effects of doses inhibitory to tumor growth. 
Chieks only 1 day old at the start showed no toxie effect when fed SO me. of 
4-amino-pteroyl-d(-)glutamie acid per kilogram of diet. 

Table V shows that 4-amino-pteroylelutamice acid (4-amino-folic acid )* is 
suitable for use in the treatment of adult birds only. In a series of experi- 
ments we succeeded in neutralizing the toxicity of 4-amino-pteroyvlelutamie acid 
for baby chicks by giving simultaneous injections of pteroylglutamic, pteroy!- 
diglutamie, or pteroyvitriglutamie acid, It was found that 0.25 meg. doses of 
pterovlglutamie acid protected 60 per cent of chicks, 0.25 mg. doses of pteroy- 
triglutamie acid protected 50 per cent of ehicks, and 0.25 mg, doses of pteroy!- 
diglutamie acid protected 10 per cent of chicks against the toxic effect of 0.01 
mg. doses of 4-amino-pteroylglutamie acid. This antagonist did not prevent 
tumor growth in baby chicks thus protected from its toxic effect. 


TABLE VI. USE OF 4-AMINO-N-METHYL-PTEROYLGLUTAMIC ACID IN CONTROLLING ROUS CHICKEN 
SARCOMA 


TREATED UNTREATED 
AGE OF TOTAL DIED OF CHICKS CHICKS 
CHICKS DOSE OF CHICKS TOXICITY OF WITHOUT WITHOUT 
AT START CHEMICAL USED CHEMICAI TUMOR TUMOR 
(DAY ) (MG. ) PER GROUP (%) (%) (%) 


Antagonist Administered by Daily Intraperitoneal Injection to Baby Chicks 


2 0.02 10 0 vv 0 
2 0.1 10 S0) 50 10 
2 0.2 10 70 33 0) 
» 0.2 2() 55 Tie 5) 


Table VI shows the results of experiments with 4-amino-N-methyl-pteroyl!- 
vlutamie acid. When administered to baby chicks by daily intraperitoneal in- 
lection, this antagonist demonstrated toxicity and also inhibited tumor growth. 
If was not administered in the diet because of lack of material. The toxicity of 
t-amino-N-methyl-pteroylglutamie acid appears to be similar to that of 4-amino- 
‘teroylaspartic acid and 4-amino-pteroyl-d(-)glutamie acid. These antagonists, 
vhen injected, produce symptoms resembling those caused by maintaining chicks 
m folie acid free diets. We have found that chicks showing severe symptoms 
sa result of injection with these antagonists quickly revive when treatment is 
‘iscontinued, 

DISCUSSION 

It is evident from our experiments that Rous chicken sarcoma may be con- 

rolled by regulating the amount of pteroylglutamic acid in the tissues of the 


hieken, either by use of synthetic folic acid free diets* or by use of suitable 
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chemical antagonists. Severe deficiencies ot the vitamin, whether caused by 
lack of folic acid in the diet or by the injection of powerful antagonists such as 


4-amino-pteroyvlglutamie acid, regularly result in death of birds. It is wel 


known that the amount of folie acid required to maintain the normal health of 


ehickens is relatively small. According to Oleson 0.5 me. per kilogram of diet 

is suboptimum, 1 to 2 mg. are optimum, and 2 to 5 mg. are superoptimum. 
Our experiments indicate that at least two of the chemical antagonists ot 

folic aeid 4-amino-ptero\ laspartic acid and 4-amino-pt rox l-d(-jglutamie acid 


and possibly a third (4-amino-V-methyl-pteroylglutamic acid) may be appropri 
ate tools for controlling the amount of folie acid available in the body for tumor 


growth without depriving the body of the amounts of vitamin required for no 
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TREATMENT OF THE TYPHOID CARRIER STATE 
TRIAL OF TWo CHEMOTHERAPEUTIC PROCEDURES 


Rosert F. Korns, M.D., aNp Ray E. Trusseiyi, M.D. 
ALBANY, N. Y. 


LTHOUGH the medical literature contains many reports of unsuccessful 
attempts to clear up the chronie typhoid carrier state by the use of chemo. 
therapeutic agents, it nevertheless is deemed worth while to record the results 
of the two studies presented here since they represent failures to confirm previ- 
ously published favorable reports. 

Although typhoid fever in New York State exclusive of New York City is 
rapidly reaching the vanishing point (fifty-two cases reported in 1947), the 
residual chroni¢ carriers living in the state continue to offer the threat of further 
outbreaks of the disease. A total of 465 known chronic carriers are listed on 
the roster of the New York State Department of Health, and it is estimated 
that some 2,500 carriers actually survive in the state at the present time.’ A 
chemotherapeutic agent effective in clearing up the typhoid carrier state would 
thus be a real boon to public health as well as to the individual earriers involved. 

Trial of Tin Compound in the Treatment of Typhoid Carriers.—The report 
by Reitler and Marberg? presenting apparently clear-cut evidence of therapeutic 
benefits afforded by a tin compound (heptadekylaldehyde stannoxysterate) in 
the treatment of typhoid fever and, more specifically, in the eure of two typhoid 
carriers seemed to warrant further clinical trial of the compound. Supplemental 
information® indicated that three of four definitely proved chronie typhoid 
carriers were cleared of their carrier condition by administration of this drug. 
Accordingly in December, 1944, twenty-one chronic typhoid carriers, inmates ot 
two New York State mental hospitals,* were selected for treatment. Preliminary 
stool examinationst of the carriers established the persistence and constancy of 
their carrier status. They were then treated with successive courses of this tin 
preparationi according to the schedule suggested by Reitler.°§ Pertinent data 
concerning the carriers utilized in this and the subsequent study are presented 
in Table I. In Fig. 1 are illustrated the time schedule of therapy and the results 
of stool examination. 

It will be noted that none of the established carriers were cleared eve! 
temporarily of typhoid bacilli. Carrier 3, who appears to be an exception, evi 
dently recovered spontaneously before treatment was started. Carriers 5, 9, and 
16 demonstrated intermittengy in their carrier condition, but this characteristi: 


From the Bureau of Communicable Disease Control, New York State Department 
Health. 

Received for publication, May 19, 1948. 

*Willard and Harlem Valley State Hospitals 

7All bacteriologic examinations in these studies were performed at the Division of Lab 
oratories and Research, New York State Department of Health. 

tThe drug used was kindly furnished by the firm Chemica Ltd., Haifa, Palestine, whic! 
markets the drug under the trade name <Aldestan. 

; § Each course consisted of the daily administration by mouth of ten tablets (0.02 Gm. of 

active ingredient per tablet) for ten days followed by a rest period of one week. 
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TABLE L. TyPHoib CARRIERS INCLUDED IN StupY; DatTA RELATING TO DURATION OF THI 
CONDITION 


HISTORY BACTERIO 
OF LOGICALLY | LENGTH | VI AGGLI 
rYPHOID PROVED | OF RESI TINA 
FEVER DURATION [DENCE IN TION 
YEARS OF CARRIER | MENTAL] TITER AT BACTERI GALL 
CAR AGE PRIOR TO STATI {OSPITAL| TIME OF OPHAGE BLADDER 
RIER | (CYR, SEX STUDY (YR, ) (YR, ) STUDY ryrPi X-RAYS 
l 69 i Unknown 6 10 1:10 Poor 
concentration 
2 65 I Unknown 5 26 1:10 
3 55D M 5D 2 14 1:40 
| 59 I" Unknown 5 24 1:10 I Poor 
concentration 
5 ie) | Unknown Ss 29 1:20 Could not 
determine 
6 1S I Unknown 7 0) 1:20 ih Stones 
7 O67 M Unknown 5 5 1:20 C 
8 67 I Unknown S ar 1:10 Could not Calcified 
determine cvst 
Poo 
concentration 
7) 7] | Unknown { 17 1:10 _ 
10 74 | Unknown 6 25 1:40 
11 66 | Unknown 3 19 1:40 1D) = 
2" 1 I S s Ls L310 Imp. V. 
13 50 | Unknown ; 13 £30 A 
14 50 | 8 Ss 16 linp. V. - 
15 oS I 30 a) 1] 120 5B. = 
16 37 } Unknown Vf, t 10 Neg. 2 
17 66 I | | 10 1:20 Imp. V. = 
1S i4 I Unknown 1 + 17 Neg. W Form - 
19 3 I Unknown ib 12 Neg. A - 
20 55 I Unknown lt 1] Neg. Imp. V. - 
2] 61 | Unknown 3 TB: 1:20 Imp. V. - 


*These carriers also were treated with penicillin and sulfathiazole in a subsequent study 
described below. 


*These individuals were shown to be still carrying Bacillus typhosus two and one-half 
ears after the study. 


existed before treatment was started. Routine blood and urine examinations 
were carried out periodically on these carriers throughout the course of treat- 
ment in order to determine whether the drug was producing any untoward 
reactions, but no significant difficulties were encountered. 

The value of this procedure in curing typhoid carriers was given a severe 
test since, for the most part, it could be shown that these individuals were car- 
riers of long duration, even though the mental status of the patients precluded 
he getting of a history of typhoid fever in all but four instances. Cholecystec- 
omy had not been performed on any of the group. X-ray studies of four of 
he carriers indicated that either gall stones were present or that the gall blad- 
lers funetioned poorly. Nevertheless, on the basis on these findings one can 
ardly attribute any benefit to this therapeutic procedure. 

Trial of Penicillin Plus Sulfathiazole in the Treatment of Typhoid Car- 
iers.—The report by Bigger* demonstrating the existence of the synergistic effect 
f sulfathiazole and penicillin on Eberthella typhosa in vitro, led to the clinical 
rial of these drugs by Comerford and co-workers’ in the treatment of two 
vphoid carriers. This carefully planned study seemed to demonstrate beyond 
ioubt the cure of these carriers, both through the prompt disappearance of 
vphoid bacilli from the stools during the course of treatment and the continued 
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absence of these organisms in daily stool cultures for six months thereafter when 
the study was terminated. In addition, a striking drop in the typhoid Vi anti- 
hody titer of the blood occurred over this period of time. The only reservation 
one might have concerning the results of this work is that one of the two carriers 
studied was convalescent from typhoid fever and had carried the organism 
for only one year, and the other was a chronie carrier who persisted in excreting 
tvphoid bacilli in the stool for ten months following cholecystectomy, Thus 
neither case was typical of the usual chronic typhoid earrier of long standing 
with a markedly sclerosed gall bladder containing stones, and it seemed possible 
that the course of treatment outlined would be ineffective in eradicating the 
infection in such individuals. Nevertheless, this therapeutie technique appeared 
to warrant further trial. Since that time an additional paper® has reported 
apparent success in curing a single typhoid carrier with massive doses of peni- 
cillin alone. 


CARRIER NO 
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2 
THESE CARRIERS WERE FOUND TO STILL HAVE E TYPHOSA IN THE STOOLS TWO YEARS LATER 


Fig. 1.—Treatment of typhoid carriers with tin compound; schedule of therapy and _ result 
of stool examinations. 

The schedule of therapy utilized by Comerford and co-workers® was dictated 
by in vitro studies which demonstrated the optimal concentrations of sulfathia 
zole and penicillin needed for inhibition and destruction of the typhoid bacillus 
With slight modification, the same schedule was utilized in the present stud) 

A total of eight chronie carriers, inmates of New York State mental hos 
pitals,* were utilized in this study which was started in August, 1947. (This 


*Willard and Harlem Valley State Hospitals. 
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series represents Carriers 6, 8, 11, 12, 13, 14, 15, and 21 of the first study.) 
Accumulated records indicated the long-time chronic nature of their carrier 
state. Daily stool specimens for a period of ten days prior to initiation of treat- 
ment confirmed the persistence of the carrier state and the constancy of positive 
stool findings. None of these individuals were urinary carriers. For an eight- 
day period sulfathiazole was given by mouth, 1 Gm. every four hours, and 
crystalline sodium penicillin, in doses of 1,000,000 units, was administered intra- 
museularly every six hours. Studies of the penicillin blood level* showed uni- 
formly high levels of penicillin one-half hour after administration of the drug 
which reached a peak of 61 units per milliliter of blood during the fifth day of 
treatment. Samples collected immediately before successive doses were admin- 
istered showed at all times more than 0.48 unit of penicillin per milliliter. 
The results of baecteriologic examination of the stools from these earriers 
before, during, and subsequent to treatment are illustrated in Fig, 2. 
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DAYS PRIOR] DAYS AFTER INITIATION OF THERAPY 


Fig. 2.—Treatment of typhoid carriers with penicillin and sulfathiazole; record of stool 
examinations and schedule of therapy. 


Other pertinent data concerning these carriers already have been pre- 
sented in Table I. It is evident that in each instance typhoid bacilli disap- 
peared completely from the stool for a period. In two instances careful study 
failed to reveal their presence for several weeks after completion of the course 
of treatment. However, the organisms reappeared subsequently and hence in 
no instance was a carrier actually cured. Several of these individuals had 
been shown previously to have gall stones, thus accounting perhaps for some 
of the difficulties in eradicating the infection. 

Although none of the carriers treated in this study were permanently 
‘ured, it is possible that this therapeutic procedure might have some applica- 
ion in the treatment of the typhoid carrier state which persists occasionally 
‘ollowing cholecystectomy or in eradicating the carrier condition early in its 
levelopment in convalescent cases of typhoid fever. However, it is doubtful 
hat the procedure outlined would be effective in curing the infection in the 





*These tests were performed in the laboratory of Dr, George V, Taplin, University of 
tochester, Rochester, N. Y. 
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average chronic carrier, although more prolonged therapy with larger doses 
of the two drugs might be more fruitful. These findings with respect to the 
effect of penicillin plus sulfathiazole on E. typhosa are in keeping with those 
reported by Hardy‘ who observed a similar bacteriostatic action on FE. typhosa 
with sulfadiazine in nineteen chronic typhoid carriers. It would seem that 
the only therapeutic measure of proved value for the eradication of the typhoid 
carrier state is that of cholecystectomy. Experience in New York State* 
indicates that in 68 per cent of chronic carriers undergoing cholecystectomy 
cure was obtained. 
SUMMARY AND CONCLUSIONS 


Treatment of twenty-one chronic typhoid carriers with the tin compound 
heptadekylaldehyde stannoxysterate (Aldestan) failed to demonstrate any effect 
on the presence of EF. typhosa in the stool 

The administration of penicillin and sulfathiazole to eight chronic typhoid 
carriers caused the disappearance of typhoid bacilli from the stool in each in 
dividual. In two instances the organisms were absent for at least two weeks 
following discontinuance of treatment, However, they reappeared in the stool 
of all the earriers. 


The authors would like to acknowledge the cooperation of Dr. Kenneth Keill, Super 
intendent, Willard State Hospital, and Dr. Alfred M. Stanley, Superintendent, Harlen 


Valley State Hospital, in making these studies possible. 
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THE OCCURRENCE OF SALMONELLA BLEGDAM IN LOUISITANA* 


Repecca A, Hour, M.A.,f AND Hazen Newton, M.T.i 
NEW ORLEANS, [A. 


ALMONELLA blegdam was first isolated in 1929 at State Serum Institute,' 

Copenhagen, Denmark, from the blood of a patient in the Bleedam Hos- 
pital’ suffering from pneumonia of the right lower lobe. This organism was 
not deseribed, however, until 1935 by Kauffmann.® In 1941, Fournier! again 
found S. blegdam in the blood of a patient in Shanehai, China. Atkinson 
and associates? recorded in 1944 the occurrence of this bacterium in blood and 
feces of four cases of enteric-like fever in soldiers in New Guinea. During the 
first vear of the United States reoccupation of the Philippines, Stevens? iso- 
lated four strains of S. blegdam and noted his findings in 1946. Two of these 
four isolations were from the blood of American infantry soldiers with symp- 
toms of paratyphoid infections; one was from the feces of a soldier without 
apparent enteric fever, and the other one was from an ulcerative lesion on the 
ankle of a Filipino patient with no gastrointestinal symptoms. Cobley and Wil- 
son’ in 1946 reported a ease of NS. blegdam septicemia and suppurative pericar- 
ditis with recovery in an Australian soldier. This Salmonella was isolated both 
from the blood and pericardial fluid and identified by Atkinson and co-workers. 
Kenner and Jackson® deseribed in 1946 fifty cases of enteric fever due to SN. 
bhlegdam again in Australian soldiers from New Guinea. The diagnosis was es- 
tablished in seventeen cases by the identification of the organism by Atkinson 
and associates and in the remainder of the cases by clinical, epidemiologic, 
and serologic findings. In 1947, Atkinson and associates’ recorded additional 
SN. blegdam isolations from blood and feces of soldiers and natives in New 
(iuinea and Bougainville Island, but as well as can be ascertained seventeen of 
these strains were obtained from the cases reported by Fenner and Jackson. 
Five strains from mice and one strain from a guinea pig in a laboratory stock 
suffering from an epidemic also were found by Atkinson and co-workers. ' 

We wish to report at this time the isolation$ in December, 1947, of a strain 
of S. blegdam from the feces of a patient in the Southern Baptist Hospital pre- 
senting an enteric type of fever and an extensive erythema. During January, 
1948, an isolation of S. blegdam also was made§ from the blood of a patient in 
the Touro Infirmary with upper respiratory and gastrointestinal symptoms 
hought at first to be a viral infection. It is of clinical interest that repeated 
ood counts during the period of hospitalization showed a persistent leucopenia 

ith depression of the granulocytic series. 

Received for publication, June 2, 1948. 

*Presented at the meeting of the South Central Branch of the Society of American 

cteriologists, New Orleans, Louisiana, May 1, 1948. 

+Department of Pathology, Touro Infirmary. 

tDepartment of Pathology, Southern Baptist Hospital. 

§We are grateful te Dr. Erich Seligman and Dr. Ivan Saphra, National Salmonella Center, 

w York, N. Y.. for the final identification of both strains of S. blegdam isolated by us. 
knowledgment is also made to Miss Louise Cargile, Southern Baptist Hospital, and to Miss 
‘deleine Page, Touro Infirmary, for their technical assistance. 
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OCCURRENCE OF SALMONELLA BLEGDAM IN LOUISIANA LIS¢ 


We feel that these findings are worthy of reporting since we have been 
unable to find any reference in the literature to the previous isolations of XN. 
blegdam in the United States. In correspondence on December 24, 1947, with 
Seligman,* we were informed that this species of Salmonella had never before 
been found in this country. Of further interest is that the second case from 
which this rare species was isolated again in New Orleans simulated clinically 
the original one described by Kauffmann® in Copenhagen. These two strains of 
NS. blegdam are thought to be the first isolated from anyone in the United States 


and from individuals who had never left this country. 


Biochemical Activities.—The isolation of SN. blegdam from both blood and 
feces followed the usual procedure in the study of enteric pathogens. In Klig- 
ler’s agar, the production of acid and gas in butt, alkaline reaction on slant 
and hydrogen sulfide occurred. It failed to ferment lactose, sucrose, salicin, 
duleite, and inositol. Fermentation with gas production oecurred in glucose, 
mannite, maltose, xvlose, sorbitol, arabinose, and rhamose. Indole was not 
formed. Urea was not split. Milk showed no coagulation. Gelatin was not 
liquefied. 


Antigenic Structure.—-According to Bergey’s Manual, S. blegdam possesses 
the formula: IX, XII: g.m,q: —. Because this organism possesses the somatic 
antigen IX, it is classified in the serological Group D. It is a monophasic 
flagellated bacillus existing only in phase 1. In our laboratories we were able 
to identify the somatic antigens only. The identification of the flagellar antigens 
was made by the National Salmonella Center. (See Table I.) 


SUMMARY 


S. blegdam was isolated for the first time in Louisiana and probably in the 
United States by Newton from the feces of a patient suffering with enteric type 
of fever and extensive erythema during the fifth week after onset. 

The second isolation of S. blegdam in Louisiana was by Holt from the blood 
of a patient with upper respiratory and gastrointestinal symptoms closely re- 
sembling clinically those of the patient from which S. blegdam was first iso- 
lated by Kauffmann as well as the type of Salmonella fever described by Fen- 

er and Jackson in which complications developed. The organism was found 
luring the second week of the infection in a student nurse. 

Neither patient had traveled outside the United States. Both patients gave 
stories of contact with members of the Armed Forees who had previously 
erved in New Guinea and various posts in the South Pacifie Theatre during 
Yorld War II. No epidemiologie facets, however, could be established on the 

‘rier state of these two contacts or on other possible sources of infection. 

Serologically, results obtained on routine febrile and in vitro agglutination 
sts by Holt failed to be of value in the diagnosis of this infection and led to 
nfusion. Attention is called to the close antigenic relationship of S. blegdam 

S. typhosa. 
The final identification of this organism was by analysis of the antigenie 


ucture of which it is composed. 
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Routine vaccination against typhoid-paratyphoid infections as used in this 
country afforded no protection against S. blegdam in one of the patients. 

From a review of the available literature we could find recorded the isola 
tion of only thirty-one strains of S. blegdam from human sources prior to the 
additional two strains now being reported by us. 

Diagnosis of this Salmonella infection is best established by the isolation 


of S. blegdam from blood, stool, urine, or any source involved. 
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EXPERIMENTAL THERAPY OF GENERALIZED TORULOSIS IN RATS 
WITH STREPTOMYCIN 
Kvart M. Beck, M.D., ANp Hascati H. Muntz, M.D. 
INDIANAPOLIS, INp. 


T HAS been pointed out previously in an excellent monograph by Cox and 
| Tolhurst' that if any treatment favorably influences the course of torulosis 
it is as yet unknown. However, a localized lesion may heal spontaneously. 
Many forms of therapy have been used to little or no avail. The acriflavine 
dyes* * have been administered by several routes, including the intrathecal route, 
with eventually fatal results. Beek and Voyles,*)° Hamilton and Tyler,’ 
Marshall and Teed,® and many others have used the sulfonamides and potassium 
iodide with few and very uncertain beneficial results. Jones and Klinek* in 
therapeutic experiments in mice demonstrated that sulfadiazine and penicillin 
were of no value. The subjects of clinical cases reported by Harford and co- 
workers and Cox and Tolhurst! did not benefit from penicillin. Stoddard and 
Cutler’ and Hoff!’ have amply demonstrated the ineffectiveness of the injection 
of the killer organisms and the other Torula antigens. Mezey and Fowler’! re- 
port one case with a short follow-up in which some benefit was derived from the 
use of intravenous 5 per cent alcohol and dextrose solution. Shapiro and Neal!” 
used colloidal silver and immune rabbit serum intraspinally without favorable 
result. X-ray therapy has been tried without benefit.’ 

Since little or no success with any of the afore-mentioned therapeutic agents 
has been achieved, a therapeutic test using streptomycin has been carried out 
in rats, 

In vitro titrations of streptomycin against Torula* showed little antierypto- 
coecie activity. Apparently there was no inhibition of the same strain used in 
this experiment. However, Whiffen and co-workers' discovered a highly effee- 
tive antibiotic against Torula in the liquors in which streptomycin was prepared. 
This agent was effective in vitro but was extremely toxic in vivo and therefore 
could not be used in animal experiments. 

Forty-seven medium sized albino rats were selected for this trial since it had 
been shown previously that the rat is easily infected with Torula through intra- 
peritoneal inoculation. In addition, it does not succumb to the infection too 
readily. An inoculum was prepared with the same strain in the same fashion 
described by Beek and Voyles® in 1946. Each rat reeeived 100,000 organisms 
itraperitoneally, | 

One week after the inoculation with the standardized Torula suspension 
‘reatment was begun. The rats were separated into two groups, the control 
roup numbering twenty-one and the treated group numbering twenty-six. 
Both groups were maintained under identical conditions and were fed the same 
vpe food. In no way was a differentiation made except in that one group was 
reated with 3,000 units of streptomycin in three doses every twenty-four hours 
rv twenty-one days. The drug was given subcutaneously over the abdomen. 
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No attempt was made to check the levels in the blood. At the end of the three- 
week period, two of the control group and one of the treated group had died. 
In ten weeks the experiment was terminated, and at this time there were 61.6 
per cent (sixteen) of the treated animals alive and 33.38 per cent (seven) of the 
untreated controls. In addition it should be pointed out that in ten of the ani 
mals in the treated group no lesions could be found either grossly or microscopi- 
cally at post-mortem examination. Lesions were found in all of the control 
animals (untreated) with the exception of one animal which died an aecidental 
death by drowning soon after the experiment began. 

The clinical appearance of the rats which were being treated showed a 
remarkable difference from those in the control group. The latter group de 
veloped lassitude and somnolence and appeared chronically ill; whereas. the 
treated group showed few or no signs of illness. 

In summary, forty-seven animals (rats) were inoculated with Torula histo 
lytica; twenty-one served as a control group and twenty-six served as a treated 
group. Treatment consisted of 3,000 units of streptomycin given subcutaneously 
in normal saline in divided doses daily. Sixty-one per cent of the treated ani 
mals and thirty-three per cent of the untreated animals survived. In ten of 
the treated group no lesions could be found at post-mortem examination. — In 
only one of the untreated did we fail to find the lesions. 


CONCLUSION 


In this experiment streptomycin seems to have exerted a beneficial effect 
upon experimental torulosis. It is not known whether its effect is due to the 


streptomycin or to some additional factor present in its market preparation 
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NUTRITION AND EXPERIMENTAL DIABETES 


[. THe Diasetic ReEsPpoNsE oF WEANLING Rats To INTRAVENOUS DOSES 
oF ALLOXAN 


GEORGE V. MANN, M.D., AND FREDRICK J. STARE, M.D. 
Boston, Mass, 


1. induction of diabetes in small animals by subeutaneous or intraperito- 
neal injection of solutions of alloxan monohydrate is an uncertain procedure. 
The wide variations in response with these routes of administration are in part 
related to the rapid inactivation of alloxan by body fluids. In the course of 
work involving the use of large numbers of young diabetie rats, we found it 


to (1) the selective destruction of pancreatic cells which will lead to diabetes 
without concomitant injury to other visceral organs, notably the liver and 
kidneys (the validity of metabolie studies in animals made diabetic with alloxan 
is dependent upon this selective anatomical alteration), (2) the incidence of 
diabetic response among injected animals, and (3) the extent and permanency 
of the defect of carbohydrate metabolism produced. 


EXPERIMENTAL 


Young albino rats of the Hisaw or Sherman strains were used. We could 
detect no strain difference in response to alloxan. The animals were maintained 
on dog food* before injection. All animals ranged between 30 and 50 grams in 
weight at the time of injection. A 3 per cent solution of alloxan monohydratet 
was prepared in sterile distilled water immediately before each injection. It 
was found that the available preparations of alloxan monohydrate are often 
ariable in appearance and solubility. The preparations used therefore were 
assayed chemically by the manometrie procedure of Archibald! and the dosage 
was adjusted to the amount of alloxan in the sample. The solution was drawn 
nto a 0.5 ml. tubereulin type of syringe equipped with a one-half inch No. 26 
needle, The animal was placed in a mailing carton with the tail protruding 

irough a hole in the center of a cork stopper used to close the carton. The con- 

ainer was conveniently elamped to a ring stand. Cleaning the tail surface 

vith a soapy cloth followed by a brisk rub with a dry cloth will adequately dilate 
e four tail veins without heating. A tourniquet is not necessary. 

The needle is introduced, bevel up, directly over the vein and on the distal 
e-third of the tail. Veins over the proximal third, although apparently 
reer, are injected with difficulty. The vein is closely attached to the skin, 
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so the needle must be inserted at a small angle with the tail axis. When blood 
appeared at the syringe nipple, the caleualted volume of alloxan solution was 
injected quickly. When undue resistance or perivascular blanching occurred, 
indicating extravasation, the animal was discarded. With this procedure one 
can soon learn to inject about twenty-five rats per hour. 

The animals were placed in group cages and at intervals were placed in 
individual metabolism cages for twenty-four hours. In young rats several 
criteria may be used for determining the presence of diabetes. The data below 
are based upon twenty-four-hour urine glucose excretion as measured by a 
photometric modification of the method of Somogyi’ and blood sugar determina 
tions by the method of Reinecke*® after a preliminary five-hour fast. Failure to 
vain weight, polydipsia, polvuria, and, after several weeks, cataract formation 
are also manifestations of diabetes. A fasting blood sugar above 150 me. per 
cent or twenty-four-hour urine glucose excretion of more than 0.1 Gm. was con 


sidered an indieation of diabetes. 
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Fig. 1 The forty-eight hour diabetic response of weanling rats to the intravenous injection « 
alloxan monohydrate. 


Mig. 1 represents the typical forty-eight-hour response of several groups 
of animals to the various doses of alloxan used, The incidence of diabetes 
thereafter is to some extent determined by the nature of the diet fed. In gen 
eral the dog food diet was found to give the best survival. When a purifie 
diet containing 18 per cent protein was used, 100 per cent mortality was ob 
tained in ten weeks contrasting with 100 per cent survival in a similar grou 
of animals maintained on the dog food diet. Table I illustrates the effect o 
certain diet modifications upon the course of the diabetes, with mortality as : 
criterion of dietary adequacy. 

The groups of rats in Table I were composed of animals with comparabl 
severity of diabetes as judged by the criteria listed. They were placed upon th: 
various diets five days after the injection of alloxan. It will be noted that a! 
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TABLE I. THE EFFECT oF DiET UPON SURVIVAL IN YOUNG DIABETIC RATS (ALLOXAN) 


SURVIVORS 


TOTAI 
NUMBER OF DAYS MORTALITY 
DIET RATS l4 28 D6 70 % 
Dog food Ss S S S & 0) 
10% Protein 7 us } 2 Z 72 
204% Protein 8 8 7 } 2 79 
10% Protein S 7 6 } ys Wo 
10% Protein plus 1% NaCl Ji 6 5 | 2 Ye 
in water 

IS% Protein purified 20 14 1] 6 () 100 


*Gaines Dog Meal, A-13H. 


though the mortality at seventy days was approximately the same with various 
levels of protein, the early mortality was higher with the lower protein levels. 
The survivors at seventy days represent the animals with mild diabetes. In the 
various diets the protein was inereased at the expense of carbohydrate. The 
inadequacy of the purified diet, as judged by mortality, is striking when com- 
pared with either the dog food diet or the semipurified diets (containing 10 per 
cent brewers’ yeast as a source of B vitamins), Addition of 1 per cent sodium 
chloride did not significantly alter the survival. 

The influence of diet upon the severity of diabetes and the survival of the 
diabetic animals will be the subject of a later publication. 


DISCUSSION 


The immediate mortality (about 7 per cent) in animals receiving intra- 
venously 70 me. of alloxan per kilogram of body weight has been caused by 
injury of the liver and kidneys of these animals. The susceptibility of animals 
to this extrapancreatice toxicity of alloxan appears to be as variable as diabetic 
susceptibility. Doses above 70 me. per kilogram lead to increasing incidence 


if this complication. 

Selection of the optimuim dose is thus determined by two perimeters. 
lirst, doses below 40 me. per kilogram give diabetic responses in so few 
inimals that many animals and much time are lost. Second, doses above 70 
ng. per kilogram often lead to injury of organs other than the pancreas, 
thus complicating later metabolic studies. 

The 60 mg. per kilogram dose level has been found most practical. The 10 
0 20 per cent of nonresponding animals can be used as alloxan controls in many 
experiments. Such controls may in part answer the criticism that alloxan may 
ct as a nonspecifie cellular toxin leading to complications other than diabetes. 
“hus in our work it has been useful to control each experiment with animals not 
njeeted with alloxan and with alloxan-injected, nondiabetic animals. Although 
e have not studied these latter control animals with glucose tolerance tests, the 
venty-four urine glucose excretion is in effect a tolerance test and would be ex- 
ected to reveal animals with minimal diabetes. 

Histologic studies of animals receiving alloxan have revealed no evidence of 
nal or hepatie damage attributable to the drug in doses of 60 mg. per kilogram 

body weight or less. Animals receiving higher doses and dying within forty- 
zht hours frequently have shown such lesions. Of thirty animals receiving 70 
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mg. per kilogram which survived the injection forty-eight hours, only one animal 
later showed cirrhotic changes in the liver with ascites, and this after a period of 
fourteen months. This was believed to be a late result of mild hepatie injury by 
alloxan. 

Consideration of the severity of diabetes among the responding animals 
indicates that with increasing doses the number with severe diabetes increases. 
This would seem to indicate a range of sensitivity among animals extending 
from the few animals which respond with severe diabetes through the majority 
which respond moderately to the few who will not respond at all. Experienc 
with repeated injections of those animals that do not respond indicates that they 
often are resistant even to 80 to 100 mg. per kilogram of alloxan. 

It should be emphasized that young rats made diabetie with alloxan offer 
an extremely sensitive experimental tool for study of nutritional relationships 
in the course of diabetes. Measurements of body weight, water consumption, o1 
urine excretion offer a simple means of assaying the influence of experimental 
procedures. 

SUMMARY 

The diabetic response of weanling rats to intravenous doses of alloxan 
has been studied. 

A procedure has been described which will allow production of alloxan 
diabetes in the majority of injected animals with minimal oecurrence of extra 
pancreatic alloxan injury. 

An experimental plan has been suggested which will allow more adequate 
control of experiments by utilization of nonresponding alloxan-injected animals 
as additional control animals, 

The course of animals made diabetic with alloxan and surviving more than 
forty-eight hours is determined in part by diet. Survival is greatesi in animals 
fed a diet of dog food and poorest in animals on a highly purified diet. Highe: 
levels of protein and decreased amounts of carbohydrate favored survival on thi 
purified diets. 

We are greatly indebted to Merck and Company, Inc., Rahway, N. J., The Research an: 
Development Department, General Foods Corporation, Hoboken, N. J., Sheffield Farms Con 


pany, Inc., New York, N. Y., and Anheuser-Busch, Inc., St. Louis, Mo., for generous supplie 
of materials used in these studies. 
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MYELITIS FOLLOWING THE ADMINISTRATION OF 
NEOARSPHENAMINE 


Davin BLANKENHORN, M.D., AND Haroup G. Wourr, M.D. 


New York, N. Y. 


O NE of the hazards involved in the therapeutic use of arsenicals is the danger 
of central nervous system reactions. These accidents although rare are 
serious, causing approximately one-half the deaths from arsenical therapy.’ In 
a survey of 496,253 protocols, one death due to central nervous system reaction 
occurred for every 5,398 persons treated and every 28,768 injections given. In 
a group of 158 patients with central nervous system reactions, the mortality 
rate was found to be 76 per cent. 


These reactions include encephalitis, encephalomyelitis, and myelitis. En- 
cephalitis is by far the most common. It has been widely described and the usual 
picture of headache, fever, and vomiting followed by convulsions and coma is 
well known. Encephalomyelitis, a more rare complication, is less widely de- 
scribed. The signs of cerebral involvement usually precede and may mask the 
evidences of cord lesions. About half these patients have been considered to have 
encephalitis alone until post-mortem examination showed unsuspected pathologic 
changes in the spinal cord. Because myelitis is uncommonly reported and in- 
frequently considered, the following protocol is presented. 


A 25-year-old woman was given two intravenous injections of neoarsphenamine by the 
family physician because she suspected she had been exposed to syphilis. A man with whom 
the patient had been in intimate contact had been discovered recently to have a secondary 
syphilitic rash. The patient had no signs of syphilis and a serologic test for syphilis was 
negative. Nevertheless it was decided that she should be treated. Accordingly, the patient 
was given 0.38 Gm, of neoarsphenamine intravenously without untoward reaction. Seven days 
ater she was given 0.45 Gm. intravenously. 

Two hours after the second injection the patient had a severe shaking chill followed by 

fever of 39.5° C. and moderately severe malaise. She went to bed and for two days 
ad recurrent chills and fever and anorexia. On the first day the physician gave her 600,000 
nits of procaine penicillin. On the morning of the second day a faint, pink, nonpruritic 
ash of small irregular macules appeared on the face, arms, and neck. The patient also 
noted that her throat was slightly sore and that her eyes burned. The evening of the second 
uy following the second injection of neoarsphenamine the rash faded and the chills and 
ver subsided, but the malaise increased. The patient noticed then, for the first time, that 
r feet felt numb and that she had difficulty in walking. She was barely able to walk with 
‘sistance to the bathroom and void. 

In the twelve hours that followed, a painless sensation of numbness rose up the patient’s 
ss to the trunk, arms, and neck. As this oceurred, all voluntary motion was lost in the 
‘s which lay limply on the bed. The patient also developed urinary retention. She was 
ntally clear and had no pain. There was no difficulty in talking, swallowing, or breathing 
{no difficulty with vision. When the sensory defect was at its maximum the patient noted 
nsient impairment of voluntary motion in the arms and hands. The sensation of numbness 
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receded from the neck, arms, and upper chest as rapidly as it had appeared; hence on the 
following morning when she was seen by the physician, a sensory level was apparent above thi 
navel. At this time (the third day following the last injection of neoarsphenamine there 
was a low-grade fever, malaise was gone, and appetite was returning. Complaints were: 
sore throat, loss of sensation in trunk and legs, inability to move the legs, and urinary re 
tention. 

The patient remained at home in bed three more days and did not consider herselt 
seriously ill although she had a slight fever of about 38° C. and was bothered by her sore 
throat. The SeNSOrY level did not change nor did motor function in the legs Improve. The 
patient could sit without support after being helped to a sitting position, She voided spon 
taneously, slowly, at long intervals (sixteen to twenty hours), passing large amounts of 
urine. On the sixth day frequency and urgency developed quite suddenly, with voiding ever) 
twenty to thirty minutes. Distressed by this and discouraged by the lack of improvement 
in the function of her legs she came to the New York Hospital. 

On admission the patient appeared moderately ill but was alert, cooperative, and oriented 
Temperature was 87.5° C. There were minimal but generalized lymph node enlargement, 
mild conjunctivitis, and pharyngitis. \ single, small, faintly pink, irregular macule was 
present on the left cheek. The remainder of the general physical examination was not con 
tributory. Examination of motor and sensory functions showed no abnormalities of the 
head or neck. There was no weakness or wasting in the arms. Rapid, rhythmic, alternating 
motion was slightly impaired in the right arm, and the biceps, supinator, and pronator reflexes 
were slightly more active than on the left. Sensory perception was normal in the neck, arms, 
and trunk above the level of D-8.. From D-8 to D-10 there was dysesthesia to pin prick, light 
touch, and temperature testing. Below D-10 there was anesthesia to these modalities but 
vibration and position sense were intact above and below this level. There was no sweat leve 
or pain on percussion over the spine. Superficial abdominal reflexes were absent. The patient 
could sit without support if assisted to the upright position. The legs were symmetric ani 
without wasting, 


was a slight degree of flexion in the right knee. The tendon reflexes were normal but slightly 


but were completely flaccid. The only voluntary motion possible in the legs 


more brisk in the right leg. Plantar responses were extensor. There were mass withdrawa 
responses in the legs. Rectal sphincter tone was normal but the perianal region was anesthetir 
The patient was able to void spontaneously but was forced to urinate every twenty to thirty 
minutes in order to escape incontinence of urine, 

On admission, urine analysis showed only an occasional white cell. Repeated analysis 
showed no albumin or red cells. The blood urea nitrogen was 11 mg. per 100 milliliters. Th 
Mazzini reaction was negative and remained so. Blood counts were within normal limits 
Heterophile agglutinations were negative on admission and ten days thereafter. Cultures 
from the throat showed a mixed flora with no predominating organism. A patch test wit 
neoarsphenamine on the seventh hospital day produced a 2 cm. indurated erythematous are: 
in sixty hours. Lumbar puncture on admission gave crystal clear fluid with no evidence o 
block or increased pressure. Repeated cerebral spinal fluid cultures and Wassermann reactior 
were negative. Cerebral spinal fluid sugar and chloride determinations were within norm: 


limits. The results of repeated lumbar punctures were as follows. 


DAY LYMPHOCYTES POLY MORPHONUCLEARS PROTEIN 
l 3 0 5d 
2 } l a9 
7 6 2 24 
13 5 ) 30 


There was slow but steady improvement which began with a slight regression of 1 
level of anesthesia on the first hospital day. On the second hospital day the patient dis 
closed that she had received two injections of neoarsphenamine. Because of previous repor' 
of myelitis following neoarsphenamine injections, it was decided to begin British ant 
lewisite (BAL) therapy. A total of 1,300 mg. of BAL was given over a four-day perio: 
By the eighteenth hospital day anesthesia was confined to a few spotty areas on the low 


legs and in the perianal region. These changes persisted and in the entire area which w: 
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formerly anesthetic there was dysesthesia to pin, light touch, and temperature testing similar 
to that found in the area from D-8 to D-10 on admission. The patient gradually regained 


voluntary motion and strength in the legs, but improvement was retarded by the transient 


appearance of a moderate degree of extensor spasm. The reflex abnormalities in the arms 
and legs did not change with the exception of the plantar responses which became flexor. The 
patient was able to walk without support on the thirty-seventh hospital day. She continued to 
have frequency of urination but the interval had increased to one to two hours, 

Most standard texts do not list arsenical myelitis as one of the toxic 
manifestations of arsphenamine therapy. So few cases have been reported that 
it is impossible to draw inferences as to cause and effect as has been done with 
arsenicals and encephalitis. In all, there are only nine cases similar to that of 
the patient herein deseribed.. The chance occurrence of myelitis of unknown 
cause in a patient receiving arsenicals must be considered. The ease reports are 
so few that no clear-cut clinical picture is typical. However, many of the reports 
are strikingly similar. Scott and Reinhart* deseribe a patient in whom the 
onset and progression of svinptoms were almost identical and followed the second 
injection of neoarsphenamine. This patient, however, did not survive. Many 
patients have been suspected of having had Herxheimer reactions and only one 
previous patient did not have syphilis. However, in the few that have been 
autopsied the histopathology of the cord was similar to that in the brains of 
patients with encephalitis and in the cords and brains of those with encephalo- 
myelitis. 

In the New York Hospital case the possibility of a Herxheimer reaction may 
be waived. The possibility of intercurrent myelitis of other cause remains and 
eannot be eliminated. 

BAL has been shown by Stocken and co-workers to protect rats from lethal 
doses of therapeutie arsenical compounds.” Eagle and Magnuson® have reported 
fifty-five cases of arsenical encephalitis treated with BAL. The over-all mortality 
rate was 11 per cent as opposed to 76 per cent of an earlier untreated series. 
Severe cases with convulsions, coma, or both were observed to respond dramat- 
ically in twenty-four to seventy-two hours, particularly if BAL was given early. 
There is now a convincing body of evidence that the toxic effects of arsenicals are 
due primarily to the facet that they combine with and block physiologie enzyme 
systems vital to the cellular economy. The antidotal action of BAL is referrable 
0 its ability to remove arsenicals from combination with these enzyme systems 
in the cells.? There has been discussion as to whether the central nervous system 
reactions from arsenicals, particularly myelitis, are due to toxicity or sensitivity. 


"he faet that BAL has been dramatically effective in encephalitis suggests that 


the mechanism here involves toxicity, reversible with early BAL therapy. Since 
‘he histopathology is similar in encephalitis and myelitis, it can be postulated 
at myelitis is a toxie reaction which should respond just as dramatically. 

In the New York Hospital case, BAL was given too late to allow inferences 
meerning therapeutic or diagnostic values. Yet the outcome here is unusual 
ince only two of the previously reported patients survived, one with severe 
siduals. If myelitis following the injection of neoarsphenamine is due to toxic 
ects of this agent it should respond to BAL when given early. It would be one 
riety of myelitis for which there is a specific therapeutic agent. 
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SUMMARY 
Myelitis following the administration of neoarsphenamine is a rare but 
serious complication of arsenical therapy. It is suggested that, if arsenical com- 
pounds have been given to a patient developing myelitis, BAL therapy be in 
stituted. 
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LABORATORY METHODS 


RECOVERY AND ESTIMATION OF RADIOACTIVE ISOTOPES 
FROM BIOLOGIC TISSUES 


I. GOoLp 


RAYBURN W. Dunn, B:S., M.S.* 
BERKELEY, CALIF. 


N ORDER to study the distribution of gold in animal and human tissues, 3f 

Was necessary to develop a rapid and quantitative method for the recovery 
and estimation of this element. Toward this end, use was made of the ex- 
perience gained, during 1942 and later, with the electrodeposition methods em- 
ployed on the Manhattan Project (unpublished papers’ 2). Investigations along 
these lines also were encouraged by the successful use of eleetrodeposition in the 
determination of radioactive iron by Ross and Chapin,® Hahn,‘ and others. 

By the use of the electrodeposition technique, thin, uniform films of the 
radioelement may be obtained which then can be used for the determination of 
radioactivity. Standard Geiger or alpha counters are employed for these meas- 
urements, as the case may be. 

As early as 1918, DeWitt, Caldwell, and Leavell’? had shown that it was 
possible to determine gravimetrically the amounts of gold present in biologic 
tissues after electrodeposition on platinum electrodes, Details of the method 
employed by these authors could not be found, although a brief description 
was furnished: namely, Kjeldahl digestion, followed by evaporation to about 
1 c.c.; treatment with aqua regia and ammonia, and neutralization with HCl. 
The solution was filtered, made slightly acid with HCl, and buffered with 
phosphorie acid-sodium phosphate.  Electrodeposition was carried out im 40 
“¢. of solution at 60° C. and 1 to 1.2 volts. Current density was not given. 
Recoveries of 80 to 100 per cent were obtained with 0.02 to 0.3 mg. of gold. 

Scott®t gives methods for the determination of gold in electroplate baths 
nd also outlines a microanalytical procedure,t all using platinum anodes and 
athodes and potassium eyanide plating solutions. Procedures for the com- 
ier¢ial plating of gold are given in standard references and trade journals.‘$~° 
\lost of these methods employ gold anodes and either chloride or cyanide plat- 
iv baths. 

In general, the method herein described follows closely the standard proce- 

res for the separation and electrodeposition of gold. 
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EXPERIMENTAL, 


Electrodeposition Apparatus.—The anode consists of 0.040 ineh diameter 
platinum wire wound in a flat spiral. The vertical length of wire is sealed 
into glass and both are connected into a suitably drilled brass rod ®%g ineh in 
diameter. The latter is fixed in the chuck of a stirrer rotating at about 300 
revolutions per minute. 

Cathodes are 11% inch diameter disks, 0.002 inch thick, either of platinum 
or gold-plated copper. Platinum must be used for exacting work, but for rea 
sons of economy the plated copper was substituted in carrving out these ex- 
periments. 
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Fig. 1.—Electrodeposition cell. 


The electrodeposition cell* shown in Fig. 1 uses a 14% inch outside diamete 
Pyrex tube, 3 inches long. 

Operating current is supplied from two cells of a 6-volt storage battery 
An ammeter with a range of 0 to 1 ampere and a 1-watt, 20-ohm rheostat ar 
placed in series with the electrodeposition cell. The actual apparatust con 
sists of twenty-four such units arranged in two banks of twelve each. Each uni! 
has a toggle switch for throwing the ammeter in or out of the circuit. For 
work with gold, a better arrangement would be to use an ammeter with a seal 
of 0 to 0.2 amp. and a variable resistance of 50 ohms. Each unit should hav 
a fuse to protect both the ammeter and the resistance, and a voltmeter shoul 
be provided to measure the potential drop between anode and eathode. Th 
apparatus used for this work had been built for another purpose and could no 
be modified in the time available. 

Procedure.—The weighed tissues are digested in 25 ml. Erlenmeyer flasks 
using either aqua regia or concentrated nitrie acid plus superoxol. In eithe 


*Detailed drawings can be furnished upon request. 
Designed and constructed by Mr. Robert Loevinger of this laboratory. 
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case, only small amounts of reagent are added at one time. If excessive froth- 
ing is encountered, 1 drop of octyl alcohol is added. Complete oxidation of the 
latter, as well as the tissue, must be accomplished before proceeding further. 

As a carrier, 2.0 ml. of a reagent grade gold chloride solution may be added 
either before, during, or after digestion, although addition at an early stage 
in the digestion is recommended. The eoncentration of this solution should be 
accurately known, and the solution should contain approximately 5 mg. per 
milliliter of metallic gold as the chloride. The concentration of gold in the 
carrier solution is determined either by electrodeposition on tared platinum 
disks or by evaporating a known volume to dryness in a tared porcelain crucible, 
followed by heating to decompose the chloride, cooling, and weighing. 

Upon completion of digestion, excess nitric acid is removed by adding sue- 
cessive small amounts of concentrated HCl with heating. The resulting solu- 
tion is evaporated to 1 to 2 ml. and transferred to a 15 ml. centrifuge cone. 
Only a roughly quantitative transfer is needed since the electrodeposited film 
is to be weighed, and recoveries as low as 90 per cent or even 80 per cent are 
acceptable. 

The separation of the gold from all or nearly all of the associated elements 
in the tissue digest is accomplished by reducing the gold to the metallic state. 
The reducing solution is made up to contain approximately 10 per cent 
NH,OH-HC! and 0.4 per cent FeSO,7H.O. Two milliliters of a freshly pre- 
pared solution are used for each 10 mg., or less, of metallic gold. Reduction is 
hastened by placing the cones in a beaker of hot water which is kept just below 
the boiling point for fifteen to thirty minutes. The ferrous sulfate is omitted 
from the reducing solution when urine and feces samples are to be run. 

After centrifugation, the supernatant liquid is discarded. The centrifuge 
cone wall and the gold may be washed and centrifuged, and the wash solution 
also discarded. Although this is not considered necessary for routine work, it 
was carried through when the set of determinations shown in Table I was made. 

The pellet of precipitated gold is readily dissolved in a mixture of 4 drops 
of hydrochlorie acid plus 1 drop of nitrie acid. Placing the cone in a beaker 
of hot water accelerates the reaction, which is usually complete within fifteen 
minutes. 

The aqua regia solution of gold is made alkaline with 5 ml. of 1N sodium 
yvdroxide. After mixing, this solution is transferred to the electrodeposition 

ell. The latter should be assembled with a tared and numbered disk, and 
hould have 2 ml. of a 5 per cent solution of potassium cyanide in 0.1N sodium 
vdroxide covering the disk before the gold solution is added. The centrifuge 
me is washed with distilled water, which is also poured into the cell. In rou- 
ne work this is accomplished by filling the cone once with distilled water, fol- 
wed by transfer to the cell. 

The anode is placed in the solution at about °4 to 1 inch from the cathode. 
ie current is adjusted to approximately 85 milliamperes. Since the actual 
ating area is about 8.5 sq. em., the current density will be 10 Ma. per square 
ntimeter, or approximately twice the current recommended for commercial 
‘etroplating.* 


*Page 202.7 
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Deposition is allowed to proceed for one hour at room temperature. At the 
end of this time an additional 2 ml. of the evanide solution are added, followed 
hy another hour of electrodeposition, 

Upon removal of the anode the cell contents are discarded, and the cell is 
After disassembly the disk is again washed, rinsed 
The gross weight is generally 


washed with distilled water. 
in acetone, and placed in a warm place to dry. 
obtained before the radioactivity is determined, although this is not essential. 


Notes on the Analytic Procedure. 
Digestion: As often happens in the wet digestion of biologic tissues, there are 0 
‘asional samples which precipitate sparingly soluble crystalline salts upon evaporation to 
small volume. When such occurred during this work, the solution and precipitate were trans 
ferred together to the centrifuge cone and the procedure was carried through as with the 


other samples. The presence of this material, which was always in very small amounts, ap 


parently did not interfere with the results. 
ever, any insoluble material should be dissolved at some point between the time the carrier 
an extraneous precipitate appears 


To insure that no radioactive gold is lost, how 


is added and the time reduction is completed, even though 
later as it frequently does with urine and feces samples. This precipitate does not interfere 
with the electrodeposition. When octyl alcohol is used to prevent frothing, a waxy material 
is frequently formed which has a low melting point and which may not be observed until the 
solution is cooled to below room temperature, Precautions should be taken to obtain complete 
digestion of this organic matter. 

Reduction; The use of both hydroxylamine and ferrous sulfate was investigated. The 
latter reduced the gold more rapidly than the former, and there was usually a small amount 
cf unwetted gold floating on the meniscus after centrifuging. This gold was either lost 
upon decantation or had to be removed on a stirring rod and returned later. Reduction with 
hydroxylamine occurred in three distinet phases, namely, reduction to aurous, formation of 
colloidal gold, and finally, precipitation of the metal. Unwetted gold was not usually 
obtained when this reagent was employed, but the formation of a light gold mirror was ob 
served frequently. When a mixture of both reductants was used, both phenomena were less 
pronounced, and the rate of reduction was about the same as with ferrous sulfate alone. 
The influence of acidity and salt concentration upon the rate of reduction and the characte: 
of precipitated gold was not investigated. A considerable range of conditions was en 
countered, but the results in all cases were satisfactory. 

Solution of Gold in Aqua Regia: When mirror formation was encountered, the eon 
was placed in only about 1 inch of hot water to hasten the dissolving reaction. Sufficient 
aqua regia condensed on the wall of the cone to dissolve the mirro1 completely. 


Addition of NaOH: If insoluble salts are present after digestion, a white precipitat: 
is sometimes present or is formed at this point. If desired, this insoluble material may b 
removed by centrifuging before the solution is transferred to the electrodeposition cell 
This was not done with the experiments reported. 

The Cathode Disk: Both platinum and gold-plated copper disks may be cleaned 
immersion in warm concentrated sulfuric acid-dichromate cleanine solution. With the latte: 
type of disk, immersion should not be for longer than two to three minutes, sinee the plat 
does not offer sufficient protection to the copper to prevent its dissolving. Soth types of 
disk must be thoroughly rinsed with water after this treatment. The platinum disks may b 
dried directly after washing but an acetone rinse is recommended first for the gold plate 
copper. Heating the platinum disks over a burner in order to dry them is not recommended 
since they then lose their temper and are more difficult to handle without bending. Early 
experiments carried out by Bertrand! indicated that plain copper disks lost rather tha 
gained weight during electrodeposition. Without investigating this problem further, it wa 
decided to try gold-plated copper disks in the hope that the formation of oxide film on th 


surface of the copper and attack of the copper by the eyanide plating solution could thu 
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be reduced or eliminated. The alternative was to use either gold or platinum disks, which, 
in view of the number needed and the difficulties involved in removing the radioactive layer, 
would not be economical. While the use of plated copper did not entireby eliminate the 
weighing error, the results obtained were satisfactory for this type of analysis. The thiek 
ness of the commercially made gold plate was not determined. The actual plating was done 
on strips of copper 14 by 1% by 0.002 inch, The 14% inch disks were then punched out. 
Klectrodeposition: It was frequently observed that the plated disks in the assembled 
cells would discolor upon transference of the gold solutions to them, This occurrence was 
minimized, but not entirely eliminated, by adding the cyanide selution to either the cone or 
the electrodeposition cell before transference. The addition of the KCN directly to the 
cone prevents precipitation of aurice hydroxide; the latter sometimes occurs upon allowing 
the solution to stand for several hours with NaOH alone. Neither the cause of the dis 
coloration reaction nor its influence upon the gravimetric determination was investigated. 
The color of the gold plate on platinum disks was either vellow or light orange, while that 
on gold-plated copper varied from light rose to brown. The color in the latter case, as 
pointed out by Weisburg and Graham,* may be due to the presence of copper (from the 
cathode) in the plating solution. Gold plates on platinum frequently showed small blisters, 
in which case the deposit was easily broken loose by seratching. The use of a wetting 
agent such as one of the alkyl aryl sulfonates, as suggested by Hartshorn,!1 might eliminate 
this difficulty. Blistering was not observed with the plated copper disks, but the deposit 
on these disks could be rubbed off to an appreciable extent, perhaps because of the admixture 
of copper; henee highly active disks must be handled carefully in order to prevent contamina 
tion of counters, and so on, due to powdering off of small, unweighable, amounts of gold. 
The decision to use alkaline evanide plating solutions rather than acid chloride was based 
upon the assumption that in the case of the latter there probably would be some attack o! 
the platinum anode due to the formation of 


free chlorine and, therefore, deposition of 
platinum with the gold. 


The possibility of attack on the platinum by the evanide, however, 
is not ruled out. 


ANALYTIC RESULTS 


The data shown in Table I should be divided into three groups. Determina- 
tions 77 through 84 were carried out with what is considered to be the proper 
amount of carrier gold to insure complete recovery of the radioactivity and at 
the same time to give a sufficient amount of deposit for gravimetric purpose, 
namely 10 milligrams. Determinations 85 through 92 were carried out with less 
than 10 me. of carrier gold. With both of these groups, the various solutions 
were added directly to the assembled electrodeposition cells as follows: 5 mi. 
of IN sodium hydroxide, 4 drops of hydrochlorie acid, 1 drop of nitric acid, 
2 mil. of 5 per cent potassium evanide, the carrier gold solution, and the radio- 
gold solution. Distilled water was added in each case to make a total volume 
of approximately 30 milliliters. Determinations 77 through 92 were, actually, 
eight sets of duplicates. 

The third group comprises Determinations 93 through 96. This group of 
our identical determinations was carried out to test the recovery and electro- 
plating procedures under carefully controlled conditions. For this purpose, 
hree normal adult mice, weighing 20 to 25 grams each, were dry ashed in the 
muffle furnace at 600° C. The ash was taken up in aqua regia and the excess 
itric acid removed, as outlined under Procedure. The resulting solution was 
iluted to 150 ml., and 10 ml. portions were used for each of these four deter- 

inations. The carrier and radioactive gold solutions were added, and the 


regoing procedure was then followed. 


* Page 204.7 
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TABLE I. RECOVERY OF RADIOACTIVE GOLD FROM SOLUTIONS CONTAINING VARYING AMOUNTS 
OF RADIOACTIVITY AND CARRIER 











COUNTING DATA EXTRAPO 
COUNTS |} LATED 
NORMAL| RADIO |INCREASE |RECOVERY | PER ML. COUNT |RECOVERY 
DETER- GOLD GOLD IN DISK | OF NOR- AU’*® ELAPSED | SHELF 2 | OF RADIO 
MINA- ADDED ADDED | WEIGHT | MAL GOLI (PER. | COUNTER TIME (TIME |ACTIVITYt 
TION (MG. ) (ML. ) (MG. ) (%) MIN. ) SHELF (HR. ) —()) (% ) 
77 10.3 ~¥ 10.3 100 240) | ” I4()() 
78 10.3 ] 10.5 102 300 } 2 2350 
79 10.5 2 10.5 102 1610 2 36 2400 
g0) 10.3 v4 10.4 10] 1585 2 o6 2350 
8] 10.3 5 10.2 99 oi | “4 2350 
Rg? 10.3 5 10.4 10] 335 { 2 2400 
83 10.5 10 10.4 10] 330 4 3 9350 
$4 10.3 10 10.4 10] 320 4 =f 2800 
85 0 2 O15 1480 9 30 2150" 9] 
S6 0) 2 0.4 1480 2 dD 2150" 9] 
S7 1.0 > 1.0 100* 1400 9 $5 PS00 QS 
5S 1.0 2 0.9 90" 1400 2 15 23.00% OS 
89 Jol 2 1.9 90* 1385 2 5 9250" 96 
90) 2.1 2 2.1 LO0* 1435 2 45 2350 100 
91 ).14 2 5.1 99 1450 2 15 9350 - 
92 D.14 2 D2 101 1435 2 15 - 
93 10.3 9 10.6 103 1450 9 46 100 
4 10.5 2 10.5 102 14385 2 46 100 
95 10.5 2 10.6 103 143 9 46 100 
96 10.5 2 10.5 102 1400 2 1) 9S 
Average 101 
Count on shelf 4x 6.9 (approx.) count on shelf 2. 


*Not included in the averages. 
+Based upon 2,350 counts per milliliter per minute. 
Half life of Au™ 2.7 days. 


TABLE II. RECOVERY OF GOLD FROM ASHED BIOLOGIC TISSUE SOLUTIONS; 9.8 MG, OF 
CARRIER GOLD ADDED 


ARTHRITIC PATIENT RABBIT 
SAMPLE | SAMPLE 
TISSUE WT. oR | AU197 RECOVERY | TISSUE wr, | _AU19? RECOVERY 
SAMPLE VOL. MG. q SAMPLE (GM. ) MG. oH 
Synovia 0.33 Gm. 9.2 94 Kidney 5.0 9.6 9S 
Muscle 0.71 Gm. 9.8 100 Spleen 2.0 9.7 99 
Superficial 22 Gm. 9.7 99 | Testicle 2.8 9,7 99 
fascia and fat | Articular cortex 2.6 9.6 98 
Skin 0.31 Gm. 9.4 96 | Articular cortex 3.0 9.8 100 
Deep fascia 0.31 Gm. 9.8 100 | Adrenal 0.2 9.7 99 
Blood 2 Ml. 9.8 100 Liver 6.2 9.5 97 
Blood 2 Ml. 9.7 99 Marrow LZ 7.9 81" 
Blood 2 Ml. 8.0 S82. | Lung 3.3 10.0 102 
Blood 2 Ml. 9.4 96 Aorta 0.3 9.5 95 
Blood 2 Ml. 9.5 97 | Synovia 0.2 9.6 98 
Blood 2 NAT, 9,1] 93, Synovia 0.4 9.6 9S 
Blood 2 Ml. 9.3 WD Tendon 0.2 9.5 97 
Blood 2 Ml. 9.3 95 Tendon 0.2 9.4 96 
Blood 2 Ml. 9.1 93, Small intestin 2.8 9.4 96 
Synovial 15 MI. 8.8 9() Bone 1.0 9.6 98 
fluid Heart 5 9.8 100 
Second day 100 M1. 9.0 92 | Muscle t.1 6.5 67" 
urine Skin 0.8 9.8 100 
First day Totalt 8.5 87 
feces 
Second day Totalt 9.4 5 
feces 
Average 04 98 


*Electrodeposition cells leaked; values not included in the average. 
TWeight not obtained. 











RADIOACTIVE ISOTOPES IN BIOLOGIC TISSUES Leia 


Two typical sets of biologic data are given in Table II. These data were 
collected during the course of the work with arthritis carried out by Bertrand 
and co-workers.!” 


DISCUSSION 


No explanation is offered for the 101 per cent average recovery of added 
gold, Table I. Since the error involved in biologie work is usually greater than 
the error which would be introduced by using the per cent carrier gold recov: 
ery as a factor in caleulating the radiogold recovery, no further work was 
carried out to eliminate this discrepancy. The per cent recovery values shown 
in Table II therefore were used in calculating the original tissue gold activity! 
not reported herein. 

One surprising result obtained, as shown in Table I (Determinations &5 
and 86), was the 91 per cent recovery of radioactive gold when no carrier gold 
was added to the solution in the electrodeposition cell. The solution of radio- 
active gold contained 5 pg of metallic gold per milliliter in the form of sodium 
gold thiosulfate. The quantitative recovery of gold during electrodeposition, 
therefore, was greater than one would be led to expect, the loses in disk weight 
notwithstanding. 

In carrying out the gold purification procedure with tissue digests from 
the arthritic patient, ferrous sulfate was used as a reductant. Trouble was 
experienced only with the urine and feces samples. Upon adding the reductant 
to the digested solutions from these samples, a red-brown flocculent precipitate 
was obtained in three of four cases. The fourth case appeared to give a normal 
precipitate, but unfortunately the sample was lost upon centrifuging, and a 
better observation could not be made. The abnormal precipitates were com- 
pletely soluble in concentrated HCl, showing that reduction had not occurred. 
The addition of hydroxylamine to these samples gave normal precipitation ot 
the gold. The use of the mixed reducing solution with these two types of 
sample is not recommended ; hydroxylamine alone should be used. 

The results with the rabbit tissue samples, also shown in Table II, were 
obtained using hydroxylamine alone as a reductant. All determinations given 
in Table II were carried out using routine or roughly quantitative transfer 
techniques. 

SUMMARY 

A method is described for the recovery and estimation of radioactive gold 
‘rom biologie tissues. 

The results obtained with this procedure are well within the allowable 
error tor this type of determination. 

Under a rather wide range of conditions, satisfactory results were ob- 
‘ined in all eases. 

The method is rapid, requiring no special techniques, and the electrode- 

sition equipment is fairly simple. 

The author is indebted to Dr. J. H. Lawrence, Dr. C. A. Tobias, and Dr. J. J. Bertrand 


r assistance and advice, and to Jean Luce for the digestion of the many biologic samples 
‘ded for this work, 








1176 DUNN 


The radioactive gold samples at first were supplied through the courtesy of J. G. 
Hamilton and later by the Atomic Energy Commission. 
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THE USE OF PRESERVED ERYTHROCYTES FOR THE DETECTION 
AND IDENTIFICATION OF Rh ANTIBODIES 


Paunt G. Harrerstey, M.D..* AND MarGARETTE L. Fawcett, B.S.t 


San FrRANcIScO, CALIF. 


N IMPORTANT requisite for any Rh testing laboratory is a constant supply 
of group O human erythroevtes of various Rh types. For the qualitative 
detection of Rh antibodies, cells of types CDE (Rh, Rh.) and ede (Rh negative) 
are highly desirable, while for accurate identification of the antibodies which are 
encountered, cells of Cde (Rh’), eDe (Rh), and ede ( Rh’), and occasionally 
other rare types must be available. Even the largest blood typing centers fre- 
quently have difficulty obtaining donors of the desired types, however, and to 
the smaller laboratory this difficulty may constitute an insurmountable handicap 
to adequate antibody testing, 

We have attempted to solve this problem by preserving blood specimens 
in anticoagulant solutions. We have found, as has been reported by others, that 
when blood is mixed with an appropriate volume of sterile Alsever’s or a.c.d. 
solution and is stored in the refrigerator, it keeps with a minimum of hemolysis 
for many weeks. In evaluating such preserved blood for our purposes there 
were two questions which demanded an answer. (1) Do the cells retain their 
agglutinability?) (2) Do they retain their specificity? Ina preliminary attempt 
to answer these questions, the following study was made. 

\ donor group A MN RKRhyrh (¢eDE/cde) was bled aseptically and 5 ¢.c, of the blood 
were mixed in each of a series of capped bottles with 5 ¢.c. of sterile Alsever’s solution. One 
bottle was withheld for immediate study and the remainder were stored at refrigerator 
temperature (4° C.). At weekly intervals one bottle was removed from the refrigerator for 
study and discarded, 

Each specimen was titrated against a standard anti-D (Rh,) blocking serum of proved 
eeping qualities in the following manner:! 

1) An approximately 2 to 3 per cent suspension of cells was made in 30 per cent bovine 
Ihumin¢ by adding 2 or 3 drops of the blood-anticoagulant mixture to 1 ¢.c. of albumin. 

2) The standard anti-D (Rh,) serum was serially diluted in normal AB serum and 
drop of each dilution was placed in a series of small agglutination tubes, 

3) To each tube was added 1 drop of the cell suspension. 

+) All tubes were incubated in a 87° C. water bath, centrifuged three minutes at 
oderate speed, and examined under the dissecting microscope for agglutination which was 


ecorded as 1 plus to four plus. 


The titers obtained are recorded in Table I. It may be seen that there was 
nly very little fluetuation in titer, probably due entirely to variations in teeh- 
nique, until the seventh week. At that time there began a definite decrease in 

ter which was proved by adequate controls not to be due to deterioration of the 
rum. It was at this time that the stored blood first showed gross hemolysis, 
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TABLE I, TITER OF STANDARD ANTI-Rh D) SERUM AGAINST Rh,rh (eDE/ede) CELLS 


STORED IN ALSEVER’S SOLUTION AT 4° C, 


rUBES OF SERIAL DILUTION 


WK. l 2 } a) 6 7 rITER 
() j } } 3 Zz ] oe 
l { 3 3 2 l l 32 
9 { | ; 2 l 16 
3 j } ; 3 2 ] 32 
t } } 3 ye l 16 
) } 4 ) Z l 16 
6 } } } 2 l 16 
7 4 } Zz Ss 
Ss 4 Z 2 
a) 3 2 l { 

Control t } } 3 2 l 16 


Grossly hemolyzed. 
rFresh cells of same donor tested against stored serum at same time as 9-week-old cells 


A saline cell suspension of each specimen was likewise tested against the 
high-titered human anti-A and anti-B sera which are routinely used in this 
laboratory for Landsteiner grouping as well as against the routine Rh subtyping 
they were when the blood was 


sera. In every case the reactions were exactly as 


fresh. No false agglutination or false negative reactions occurred. 


Similar observations have been made since in blood specimens of all of the 
Landsteiner types and a wide variety of Rh and Hr types. In the two years that 


Alsever’s and a.e.d. solutions have been used in our laboratories, there has never 


been any evidence that cells preserved in this Way are not perfectly reliable for 


Rh testing as long as there is no gross hemolysis. This period has varied in ow 
hands between two and eight weeks, depending upon the care with which con- 


tamination is avoided and the amount of agitation to which the cells are sult 


DISCUSSION 


The advantage of a satisfactory preserving medium for blood cells for R 


ing is perfectly obvious. Since the introduction of the Alsever technique int: 

r laboratories we have had little difficulty in keeping ourselves stocked wit 
eells of all of the Rh subtypes which we have needed in our work. It is simple t 
keep a roster of patients and donors of various tv pes, and at periods of a fe) 


weeks or a month to eall in the appropriate individuals for renewal of the stor 
ot prest rved bloods. We have found it most Satisfactory to divide each donatio! 
between two or more bottles of anticoagulant, so that if one becomes contaminate 
or hemolyzed in handling, the supply of cells will not be lost entirely. When cells 


of some particular type are needed for testing, a few drops are drawn aseptieall: 


Pron, +h ‘ . nat } ] . i 1] - = = . 1: “) . 
trom the appropriate bottle and a cell suspension is made up in saline or albumi 
° Bo le : eee — | 1: 2 } ] a, +} 
[f one is using a te hnique sueh as the slide test of Diamond and Abelson or 


conglutination test of Wiener in which the presence of an aqueous solution 


> type ’ y ) + . . , . , . , . , - ++ , 
sodium ¢itrate might interfere with the test, 1t 18 necessarv to centrifuge t 
? -+ ~~ +1 ye + +} . . "yot. " « a | . . . > . “177 

nixture, pour of e€ supernatant. and resuspend the eceliS 1n undiluted seru 
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We feel that this method of preserving blood has become an indispensable 
adjunct to the proper functioning of our blood grouping laboratory. 


SUMMARY 


Alsever’s and a.¢.d. solutions have been found valuable for preserving whole 


blood of various antigenic types. Cell suspensions made from such preserved 
: | 


blood are satisfactory for testing sera for the corresponding Rh and Hr anti- 
bodies. 
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METHODS TO INCREASE ACCURACY IN THE USE OF HAYEM'S 
SOLUTION FOR RED BLOOD COUNTS 


KpNA H. Tompkins, M.D. 
New Haven, Coxn. 


N 1934 Bryan and Garrey! published a description of a rotor for the mechani 
| cal mixing of blood in diluting pipettes which affords more exact white counts 
than other methods of mixing. The erythrocytes, however, often were found 
to ball when diluted with the usual diluent for red blood counts, Hayvem’'s 
solution. This effect was found to be due to the bichloride in the diluent, and 
Toison’s fluid was therefore recommended for red counts. 

Cheu and Forkner? observed clumping of eryvthroevtes with the use of 
Hayem’s solution in certain pathologic conditions even when the pipettes were 
shaken by hand, and they suggested substitution of CGower’s solution to avoid 
the presence of bichloride. 

Neither of these suggestions, as is also true of other substitutions that 
have been offered over the vears, has received popular adoption. The reasons 
for this are several: either the diluents suggested were impractical for the 
general run of cases and laboratories, or the precautions offered in the use of 
them, as well as of Havem’s solution, proved inadequate upon wider usage, or 
custom on the part of the medical profession at large and the relative degree o| 
satisfaction that has been afforded by the use of Hayem’s solution determined 
that that should remain the diluent of choice for red counts. 

Hayvem*® devised the formula whieh is now in common use as a diluent 
for red counts at a time when blood counts were beginning. His methods ot 
obtaining and mixing blood, and even of superimposing it on the chamber fot 
counting, were less refined than those employed today, and the demands fo1 
accuracy were correspondingly different. Nonetheless, use ot the fluid has 
sufficiently stood the test of time to be continued regardless of the dissenting 
voices from period to period, As Ch’u and Forkner? have enumerated, the 
ideal diluent should preserve the cells and sharpen their visibility without 
danger of destroying any of them or of too greatly distorting them, should 
keep without deterioration, should eliminate danger of growth of organisms 
and should permit satisfactory distribution of cells in the pipette and on th 
counting chamber. Hayem’s solution fulfills all the criteria outlined for an 
ideal diluent except the indispensable one of dependably satisfactory distribu 
tion of cells. With mixing by hand, or with vigorous mechanical shaking, errors 
due to unsatisfactory distribution can usually be reduced, though not eliminated 
With the advent of the mechanical rotor which was proved so satisfactory for 
white blood counts, which can rotate as many as eight pipettes simultaneously and 
is therefore desirable as a time-saving device for clinical and research laboratories 
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and which is now manufactured commercially, the inequalities of distribution 
of erythrocytes in Hayvem’s solution have become more evident and more in 
need of remedy. 

In view of the fact that the suggestions already made for substitution of 
other diluents for red counts have failed to be adopted, it seemed preferable 
to attempt modification of Hayem’s solution in such a manner as to eliminate 
the dangers to distribution inherent in it, rather than to encourage further use 
of different diluents. Such modification has been attained in one of two ways: 
either by reduction of the proportion of bichloride to as low as that recom- 
mended by Jorgensen,’ together with careful control of the pH of the diluent 
between 5.0 and 7.0, or by addition of such colloids as gelatin or lecithin to 
Havem’s or JOrgensen’s solution without concern for pH below 7.0. Ch’u 
and Forkner®? found Jorgensen’s solution unsatisfactory in the eases that they 
studied, but as the importance of the hydrogen-ion concentration in the use of 
Jorgensen’s solution was not recognized at that time, it is probable that failure 
to control that factor featured in their findings. 

The gentleness of the movements of the rotor of Bryan and Garrey served 
as a tool to show that the danger of clumping with Hayem’s solution often is 
masked by other methods of mixing, but is actually inherent in the use of bi- 
chloride in diluents irrespective of the manner of mixing. The rotor permitted 
analysis of the causes that underlie the clumping and that feature in the reme- 
dies which assure against it. These studies are given in detail in a companion 
paper.” This report will be confined to the practical points in the preparation 
and use of the modifications of Havem’s solution that have been found to pre- 
vent clumping, and to comparison between red blood counts made with Hayem’s 


solution and with the modified diluents. 


METHODS 


The formula for Jérgensen’s+ solution is as follows: 


Na,SO, 2.5 Gm. 
NaCl 0.5 Gm. 
HeCl, 0.05 Gm. 
HO (distilled ) 100 e@.e, 


The formula for Hayem?’s solution modified by the addition of gelatin is as follows: 


Na,SO, 2.0 Gm. 
NaCl O65 ‘Gm, 
HeCl, 0.25 Gm, 
Gelatin 0.01 Gm. 
H.O (distilled ) 100. ee. 
Nhe gelatin used was a powdered preparation.* Other preparations were not tried, but it is 


judged that any preparation of sufficient purity to rule out the presence of harmful electro 
ytes would be satisfactory. It should, of course, be kept dry for weighing. 
Preparation of Hayem’s solution containing gelatin is made most easily by dissolving: 


1) the desired amounts of sodium sulfate, sodium chloride, and gelatin in one-half the de 


*Sold as Bacto Gelatin by Difco Laboratories, Detroit, Mich. 
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sired amount of water, warming if necessary to hasten solution of the gelatin, and (2) the 
desired amount of bichloride in the other half of the desired amount of water. When the 
two solutions are complete they should be mixed, with precautions to avoid foaming, and 
stored. Where large amounts of the diluent are desirable because of frequency of demand, 
it is helpful to make a sufficient supply of the double-strength bichloride solution and to 
mix this with fresh batches of the double-strength saline-gelatin mixture as desired. The 
double-strength bichloride solution keeps indefinitely in Pyrex glass and may be filtered, if 
necessary, before mixture with the solution containing gelatin. The mixed solution must 
not be filtered, but merely decanted, should the precipitate occur that is common in saline 
solutions of bichloride. 

Both of the modified diluents should be kept in Pyrex containers since solution of the 
glass inevitably carries the danger of elevation of the pH to the point where clumping of 
the red cells cannot be prevented. Furthermore, even readjustment of the pH—if it has 
become elevated by solution from a container—is not sufficient to avoid clumping. This 
indicates, of course, that electrolytes dissolved from glass must have effects upon clumping 
in addition to those produced by increase in the pH.* It has been determined that either 
of the modified diluents can remain in contact with the particular types of diluting pipettes 
that were used for these experiments for as long as twenty-four hours without change in pH. 

Red counts made with the modified diluents were compared with counts made with 
the standard Hayem’s solution. The counts were carried out under experimental conditions 
that were planned to simulate conditions that might occur in routine clinical use. Judgment 
as to satisfactory distribution for blood counts was made, first and foremost, by microscopic 
inspection of the filled counting chambers. The counts were carried out merely for experi 
mental assurance that they would, in reality, meet the usual standards for red blood counts. 
They were not planned primarily for a comparison on a statistical basis, and although the 
number of counts with any given diluent is considerable, the number for any given condition 
with that diluent is admittedly too few for satisfactory statistical analysis. When compared 
on that basis, nevertheless, the groups of counts with each of the diluents do show trends 
that are in agreement with the conclusions based on the microscopic studies. Therefore the 
significant data from the counts are presented in Table I and Fig. 1, and are discussed as 
probable statistical support of conclusions that depend primarily upon microscopic studies. 
As additional security a larger series of counts made with Hayem’s solution alone and with 
Hayem’s solution containing gelatin was obtained for a single experimental condition. This 
material is presented in the discussion of the experimental data. 

The blood for all of the pipettes for any given series of counts was drawn at the 
same time from a freely flowing finger stick. The same subject and observer were used 
throughout. Both Haak and Trenner automatic pipettes were used in the comparison. No 
differences due to the model of pipette were found. The pipettes always were given ten 
quick shakes by hand immediately after filling. The mixing of the blood with diluent was 
earried out by different methods which were, in turn, employed for different periods of time. 
When the blood was mixed by rotation, a commercial model of the Bryan-Garrey rotor was 
used. It was tested against one of the original experimental models and was found to 
give identical results. When the blood was mixed by a mechanical shaker, an experimental 
model devised by Beardé+t was employed. In some instances mixing was started at once 
In others, the pipettes were allowed to stand for various intervals before mixing was 
started. These data for the different sets of counts are given in Table I. Levy-Hausser 
counting chambers with the improved Neubauer ruling were used throughout. Twenty o1 
more drops always were expelled from the pipettes before the chambers were filled. When 
successive drops were to be counted from a single pipette, ten or more drops also wer 


*I wish to thank Dr. Ann Minot, Department of Biochemistry, Vanderbilt Medical School 
Nashville, Tenn., for these determinations and for the helpful interest which initiated investi 
gation of the causes which underlie the clumping of blood with Hayem’s solution.® 

7The model was made while Dr. Beard was connected with Vanderbilt Medical School 
Nashville, Tenn. Similar models have been used in numerous laboratories through the cour- 
tesy of that school. : 
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expelled between each filling and all chambers were filled in sequence. Those not to be 
counted at once were allowed to stand on moist paper under a bell jar. 

There was a striking tendency for the red cells to become aligned with the lines of 
the chamber and to leave the centers of the small squares relatively depleted of cells when 
the diluent contained gelatin and the chamber was allowed to stand for any considerable 
time after filling. Since analysis of the data to follow indicates a gain in accuracy in 
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Fig. 1.—Scatter chart showing the number of counts in a series that fall within any 


iven deviation of the mean of the series. Experimental conditions can be obtained by ref- 
rence to Table I. 


‘ounts made in the presence of gelatin, this alignment of the red cells would seem to be 
inimportant to the accuracy of the counts and to represent simply a mutual shift in posi- 
ion of cells that had been well distributed, rather than a basic fault in distribution. 

In conformity with the usual clinical routine, five small squares of the counting chamber, 
one-fifth of a square millimeter, were included for each count. The values are 


hat is, 
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TABLE I. Data FroM Counts or RED BLOOD CELLS WITH DIFFERENT DILUENTS 


t. Zw A 
= nS “Be x O 
= to mE > 
Z i eo | an | = ee ee 
2 = 2 < ZZ 5 2 = = Spe 
fs s |aeise| 22 | Bee] Ee 
a, CONDITIONS Of} a < = _ = = “a2Aa¢6 ee 
# DILUEN1 EXPERIMEN’ 7 Zk | ao aC noel] mo 
l Hayem’s Pipettes stood 0-24 hr.; 6 2 12 113, 26.5 D4 
shaken by hand 
2 Pipettes rotated 50 min. iy l 9 133 oe ies 6.5 
ri Pipettes rotated 350 min. S l Ss $47 37.2 9.3 
4 Pipettes rotated 30 min. 7 1 7 145 19.0 5.1 
5 Pipettes rotated 45-80 min. S l 8 144 35.3 S.8 
6 |Hayem’s Pipettes rotated 50 min. 6 | 6 129 29 4 6.5 
7 plus Pipettes rotated 30 min. S | g 160) 07.7 6.9 
s velatin Pipettes rotated 30 min. “4 l 7 149 95.3 6.8 
i) Pipettes rotated 40 min. 6 | 6 138 20.0 5.8 
10 Pipettes stood; then ro S ] 8 178 93 9 5.8 
tated 20-60 min, 
1] Pipettes stood 1-3 hr.; S l 8 150 22.9 a7 
then rotated 20-S5 min. 
12 Pipettes rotated 50 min. 7 S ats $31 95.4 9 4 
aes lr. 
13 Jérgensen’s | Pipettes rotated 30 min. 6 l 6 141 8.2 9 4 
14 Pipettes stood; then rotated 6 4 12 123 97.7 5.7 
30 min. 
15 Pipettes rotated 30 min, 8 » 16 16] 24.0) 12 
16 Pipettes stood 3-5 hr.; then 5 » 10 172 25.6 8.0 
rotated 30 min, 
17 Pipettes stood 30 min.-16 6 » 12 159 21.4 6.4 
hr.; then rotated 30 min. 
1S Pipettes rotated 30 min. 3 2 6 115 13.2 12.5 
3 ur, 
19 Pipettes rotated 1-6. hr. 5 92 10 161 39.9 S.0 
?() Pipettes rotated 30 min. j 6-8 30) 164 2G es: 
Dd hr. 
21 Pipettes shaken mechan { S 32 165 24.9 3.1 


ically 30 min.-5 hr, 


tabulated as obtained, without use of the factor 10,000) necessary to convert them to the 


number of cells per cubie millimeter of blood. The mean total count for any given series 
of counts represents the average of all of the counts in the series. The deviations of each 
individual count in the series from this mean were used for the determinations of the 
standard deviations from the mean which are recorded in Table I and for the scatter plots 
illustrated in Fig. 1. 

In making the counts with Hayem’s solution a certain amount of selection was necessary. 
This was done by elimination of any preparation in which clumping was obvious upon in 
spection of the filled chamber under the microscope. The counts with Hayem’s solution con 
sequently represent the selectedly best preparations. In evaluating the data, therefore, it 
must be remembered that the agreement between individual counts made with Hayem’s 
solution is better than would have been the case had all preparations been utilized. The 
same statements may be made of preparations made with Jérgensen’s solution when the 
pipettes were allowed to stand, or to rotate, for a long while. When mixed immediatels 
after filling, none needed to be discarded. None made with Hayem’s solution containing 


gelatin needed to be disearded. 
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DISCUSSION OF EXPERIMENTAL DATA 


Examination of the last two columns in the table, in which are tabulated 
the standard deviation of the individual counts of a given series from the 
mean of the series and the standard error of the standard deviation, supports 
a number of deductions. First, there is more variation in these values in the 
counts made with Hayvem’s solution alone than in those made with Hayem’s 
solution to which gelatin was added; further, these values not only vary more 
in the counts made with Hayvem’s solution alone but also they are at times con- 
siderably greater than in the counts made with Hayem’'s solution containing 
gelatin. When one remembers that the counts made with Hayem’s solution 
alone were made on selectedly good preparations these differences become still 
more signifieant. Second, while at first glance the values from the counts made 
with Jorgensen’s solution vary as greatly as do those from the counts made 
with Hayem’s solution, the values fall into two categories when the counts are 
erouped according to the manner in which the pipettes were handled after 
filling. If the pipettes were rotated immediately after filling and for only a 
relatively short period of time, the results were as satisfactory as those obtained 
by use of the Hayem’s solution containing gelatin. Tf, on the other hand, the 
pipettes were allowed to stand, or were rotated for a long period of time, the 
values varied to the same degree as in the counts made with Havem’s solution 
alone. Furthermore, as was the case with counts made with Hayem’s solution 
that did or did not contain gelatin, these variations are the more significant 
when one remembers that only the selectedly good preparations were counted 
when the pipettes stood or rotated for long periods, while all were counted 
otherwise. When the preparations were subjected to the more vigorous agitation 
afforded by the mechanical shaker, clumping was minimized and the eounts 
were as accurate as those made with Havem’s solution containing gelatin, even 
when the pipettes were allowed to stand or shake for long periods. It should 
be emphasized here, nevertheless, that since the mechanical shaker has been 
shown to give less satisfactory distribution when used for white blood counts 
than does the rotor,! it is less desirable for complete blood counts than the rotor 
used in conjunction with a modification of the diluent for red counts whieh will 
obviate clumping. 

Inspection of the seatter plots in Fig. 1, where the number of individual 
counts that deviate by graded amounts above or below their means are charted 
directly, corroborates the conclusions drawn from the table. It can be seen 
that more of the values fall near the line of the means and that the seatter is 
less extensive in the counts made with Havem’s solution containing gelatin, 
or with Jérgensen’s solution with immediate and brief rotation of the pipettes, 
than in the counts made with Hayem’s solution alone or with Jérgensen’s solu- 
tion under other conditions. 

As mentioned previously, a larger series of counts carried out under a 
single experimental condition is offered as additional support to these dedue- 
ions. The method of agitation that is most advantageous to the use of Hayem’s 
solution was chosen for these counts. Difference between the values obtained 
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from the counts with Hayem’s solution and those with the solution containing 
gelatin is consequently minimal, but even under this circumstance the values 
are in favor of the counts made with the protected solution, and the underlying 
potentialities for more erratic distribution with Hayem’s fluid are still in evi- 
dence. 

The pipettes were shaken vigorously by hand for three minutes before the 
chambers were filled instead of by mechanical rotation in order to avoid the 
necessity of selection of preparation for the counts to be made with Hayem’s 
solution. All fillings of the chambers were then used indiscriminately and irre- 
spective of the diluting fluid employed. The pipettes were allowed to stand 
from ten minutes to six hours before they were shaken. With these exceptions 
the technique was as previously described. 

One hundred and four counts were made with each solution; eight were 
made from each pipette. The differences of the individual counts for each 
pipette from the mean were based on the mean of that pipette, rather than on 
the mean of all of the counts, in order to avoid the variations due to the pipette 
or to the filling which would be irrelevant to the present comparison. The 
differences thus obtained were used collectively for the remaining computations. 
Under these circumstances, the standard deviation of the counts made with 
Hayem’s solution alone (pH 5.0) was 22.9 with a standard error of 1.6; the 
standard deviation of the counts made with Hayem’s solution containing gela- 
tin (pH 5.3) was 19.0 with a standard error of 1.38. 

It is obvious from these data that Hayem’s solution carries an inherent 
capacity for the clumping of red cells which is unpredictable and which requires 
selection of preparation and perhaps even of pathologic case.2 This tendency 
is magnified when mixing is achieved by gentle rotation but is not caused by 
it, and affects the accuracy of counts even when it is not evident upon micro- 
seopie inspection. When gelatin is added to the diluent and the pH is below 
7.0, the tendency is obviated, and counts, even unselected ones and those put 
under stresses which cause all preparations with Hayem’s solution to clump, 
are correspondingly more dependable. 

Accuracy also may be increased by reduction of the amount of bichloride 
to that in Jorgensen’s solution, but only under restricted conditions. If the 
pH is kept within the confines of 5.0 to 7.0 and if the pipettes are rotated soon 
after filling and for not too long, this statement holds true. Otherwise the 
counts made with Jorgensen’s solution are no more exact than those made with 
Hayem’s solution. Vigorous shaking with less gentle movements than those 
of the rotor increases the accuracy, but the underlying liability to lesser degrees 
of clumping remains. 

The use of JOrgensen’s solution carries a second danger in addition to that 
of clumping which must be borne in mind in the case of pathologie blood speci- 
mens. In the studies that were carried out to explain the underlying factors 
that feature in the clumping of red cells in the presence of bichloride,® it was 
found that dilution of the proportion of bichloride to sufficiently low amounts 
facilitates lysis, especially if the pH is also low. Lysis of a few of the red 
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cells was observed in Jérgensen’s solution with normal blood when the values 
for pH were below 5.0. With values above that, lysis was not detected in 
normal blood nor in a patient with congenital hemolytic icterus in relapse.* 
The saline fragility of this patient at the time of the observations was above 
0.56, the red count, 2,560,000, the reticulocyte count, 12.8 per cent, and the 
icteric index, 15 units. The erythrocyte counts of this patient made from 
pipettes diluted with Jérgensen’s solution and allowed to stand for as long 
as twenty-four hours before counting did not differ from those from similarly 
filled pipettes that were counted immediately, nor from pipettes that were 
diluted with Hayem’s solution containing gelatin. Lysis must be detected by 
observation of fading cells or through comparison of counts made by methods 
in which there is no question of lysis, since the effeet of bichloride upon any 
liberated hemoglobin conceals the reddening of the suspensoid which ordinarily 
announces hemolysis. 

Berkson and co-workers * do not state specifically what diluent they em- 
ployed in their series of statistical studies concerning the limits of significance 
in red blood counts, but they do state that they used the methods in common 
practice. It is therefore assumed that they used Hayem’s solution. Since the 
clumping that has been found to be an underlying tendency in the use of this 
diluent may often be so slight as to eseape attention, it is reasonable to suppose 
that the values which these authors obtained are greater than would be the 
case had they used one of the modifications of Hayem’s solution discussed in 
the present studies. This assumption is strengthened by the counts made in 
these studies. It will be seen from the table that when Hayem’s solution alone 
was used, the standard deviations were at times as great as those found by 
Berkson and co-workers, namely 37.5 counted erythroeytes (375,000 total red 
hlood cells). In the counts with Hayem’s solution containing gelatin, or with 


Jorgensen’s solution under controlled conditions, the values are decidedly lower. 


CONCLUSIONS 


Hayem’s solution carries an inherent capacity for the balling or clumping 
of cells when used for red blood counts. The tendency toward clumping is 
magnified by gentle rotation but underlies all manners of mixing. It affects the 
dependability and accuracy of counts made with Hayem’s solution. 

The capacity for clumping inherent in Hayem’s solution is due to the com- 
ponent of bichloride. It ean be eliminated by decrease of the proportion of 
‘ichloride to that of Jérgensen’s solution, together with control of the pH 
‘ the diluent between 5.0 and 7.0, or by addition of gelatin to Hayem’s solu- 
ion without concern for pH below 7.0. 

Counts made with these modifications of Hayem’s solution are subject to 
‘ss deviation than are counts made with Hayem’s solution alone under the 

ime conditions. 


*Case History No. 115,383, Vanderbilt Hospital, Nashville, Tenn. I am very grateful to 

Edgar Jones and Dr. Henry Warden, Department of Medicine, Vanderbilt Medical School, 
shville, Tenn., for the clinical data concerning this patient and for allowing me to make 
se studies. I am also very grateful to the Department of Social Service of the Vanderbilt 
spital for the interest which they exercised in helping me to contact this patient. 











118s TOMPKINS 


Use of Hayem’s solution containing gelatin allows greater flexibility of 


experimental conditions without loss of protective power than does use of 


Jorgensen’s solution, Addition of gelatin to Hayem’s solution is, therefore, 


the modification preterred., 


i 
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A SPECTROPHOTOMETRIC METHOD FOR DETERMINATION 
OF URINARY BILIRUBIN 


GEORGE KE. THomaA, M.D., AND Doris M. KirzBerRGrer, B.S. 
Sr. Lous, Mo. 


REVIEW of the literature on bile pigment metabolism and tests of hepatic 

function reveals that many quantitative tests for urinary bilirubin have 
been proposed. Probably the most satisfactory to date is that devised by Good- 
son and Sheard! in 1940 employing diazobenzenesulfonic acid. In 1941 Seott? 
employed the diazo reagent of Ehrlich and the unit system of van den Bergh in 
the quantitative determination of urinary bilirubin. His method is the most 
accurate, being sensitive to 0.02 me. of bilirubin per 100 ml. of urine. It is, 
however, a procedure too difficult and time consuming to be employed as a 
routine ¢linieal laboratory test. Gellis and Stokes* employed a modification of 
the methylene blue test of Franke? in their studies of infectious hepatitis in 
1945. This was at best only a roughly quantitative test. Stokes and co-workers” 
in 1946 attempted to adapt the methylene blue test to the spectrophotometer 
but with little success, principally because the color produced in the methylene 
blue test is not the color of a true solution but a combination of colors. The 
barium-strip modification of Harrison’s spot test was developed by Watson and 
Hawkinson® in 1946 as a semiquantitative test. 

It becomes immediately evident that a simple, vet reasonably accurate, 
quantitative test of bilirubinuria is needed. The value of such a test in the 
diagnosis and prognosis of hepatic and prehepatie hyperbilirubinemia and in the 
diagnosis of hepatitis in the preicteric stage is obvious. In order to meet this 
need the following method is elaborated. It is based on the oxidation of bilirubin 
to a green derivative and the estimation of the latter spectrophotometrically at 
a wave length of 670 millimicrons. 

METHOD 

In this procedure a modified Fouchet’s reagent is utilized as an oxidizing agent. This 
s prepared with 6.25 Gm. of trichloracetic acid and 2 ml, of a 10 per cent ferrie chloride 
olution diluted to 200 ml, with distilled water. A Coleman Junior spectrophotometer is used 

ith 15 mm, cuvettes and adapter. A standard bilirubin solution is prepared by dissolving 10 
¢. of pure bilirubin in 100 ml. of chloroform. To 20 ml. of this standard solution are added 
‘0 ml. of 95 per cent ethyl alcohol resulting in a 2 mg. per cent solution of bilirubin. Further 
ilutions of the latter solution are made as desired with 95 per cent ethyl alcohol. Into a 
mm, cuvette are placed 4 ml. of the chloroform alcohol solution of bilirubin of known 
meentration, + ml. of 95 per cent ethyl alcohol, and 2 ml. of the modified Fouchet’s reagent. 
reference tube is prepared by adding to 4 ml. of 20 per cent chloroform alcohol solution 
ml. of 95 per cent ethyl alcohol and 2 mi. of 3.125 per cent trichloracetic acid. Ten 
nutes are allowed to elapse after the addition of the modified Fouchet’s reagent to permit 
e full development of the green color. The spectrophotometer is set at a wave length of 


‘0 mew and at 100 per cent transmission with the reference tube. A reading then is taken 
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with the bilirubin solution and plotted on semilogarithmic graph paper using per cent trans 
mission as the abscissa and concentration of bilirubin in milligrams per 100 ml. as the 
ordinate. The point is then connected by a straight line to the point concentration equals 0, 
transmission equals 100 per cent. The Lambert-Beer Law, ¢ K log T, will be expressed 
by the curve represented by this straight line (Fig. 1). From this eurve the concentration of 
any similarily oxidized bilirubin solution can be determined if the percentage of transmission 


is known. 
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The wave length of 670 mm was chosen after the preparation of a spectrotransmissior 
curve using a 2 mg. per cent alcohol chloroform solution of bilirubin treated with th 
reagent as described. The reference was prepared with 8 ml. of 20 per cent chloroform aleohol 
solution plus 2 ml. of modified Fouchet’s reagent. This curve was plotted from readings mad: 
at 25 my intervals from 400 through 700 millimicrons. From this curve it was evident that 
the ideal wave length was from 650 to 700 millimicrons. After readings were made at 5 mp 


intervals from 650 to 700 mu, it was found that a wave leneth of 670 mu was most desirable 


PROCEDURE FOR DETERMINING URINARY BILIRUBIN 


To 4 ml. of undiluted urine in a 15 mm, cuvette are added 4 ml. of 95 per 
cent ethyl aleohol and 2 ml. of the modified Fouchet’s reagent. A _ referenc 
tube is prepared with 4 ml. of urine plus 4 ml. of 95 per cent aleohol and 2 ml! 
of 3.125 per cent trichloracetic acid. After ten minutes a reading is taken it 
the spectrophotometer at a wave length of 670 my, and the concentration o 
bilirubin is determined from the previously prepared graph. 


DISCUSSION 

This procedure provides a simple quantitative method for the determinatio 
of urinary bilirubin. Attempts at recovery of bilirubin added to the urine we! 
highly successful as can be seen in Table I. The bilirubin was added to t! 
urine in the form of icteric serum, the concentration of which was determine 
spectrophotometrically by the method of Malloy and Evelyn.’ The dat 
provided by these determinations serve to confirm the validity of the cur 
prepared in the foregoing. 
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TABLE I. VARIATION AND PER CENT RECOVERY BY SPECTROPHOTOMETRIC METHOD 
OF BILIRUBIN ADDED TO URINE 


CONCENTRATION OF | RECOVERY OF | VARIATION RECOVERY 


BILIRUBIN (MG./M1.) BILIRUBIN (MG./MI.) (MG./MI1.) (%) 
1.30 1.25 0.05 96 
1.65 1.50 0.15 9] 
0.93 0.90 0.03 97 
1.05 1.50 0.10 90 
0.83 0.80 -0.03 96 
0.90 0.85 -0.05 94 
1.20 1.15 -0.05 96 
0.50 0.50 0.00 100 
0.60 0.60 0.00 100 
0.70 0.65 0.10 93 
0.85 0.75 70 88 
2.45 2.30 0.19 96 
2.85 2:65 0:15 93 
3.00 2.85 -0.10 95 
3.50 3.40 -0.15 97 
4.05 3.90 0.05 96 
5.00 4.95 0.10 99 
o.00 5.45 0.00 98 
6.00 6.00 0.15 100 
6.50 6.35 0.02 98 
1.70 1.68 0.02 99 
0.16 0.14 0.02 87 
0.77 0.75 0.02 97 
0.39 O37 0.06 95 
1.00 0.94 0.09 94 
1.50 1.41 0.05 94 
Mean 0.07 95 


The original Fouchet’s reagent will yield a green color if used in this pro- 
cedure. This, however, has a pH of 1 and it was found that a 25 per cent 
trichloracetice acid solution (pH 1) if used as a reference also would yield a green 
color. When the pH of the reagent and reference solution was brought up 
to 4, no oxidation of the bilirubin to a green derivative took place in the 
reference tube. The oxidation at this pH apparently is dependent on the 
ferric chloride. 

By using an equal volume of urine in the reference tube any extraneous 
color resulting from other chromogens is compensated for. The alcohol in no 
way enhances or interferes with the prodtiction of the green color. It has been 
introduced to free any bilirubin globin that might be present in a proteinuria. 

The normal urinary bilirubin concentration has not been studied adequately, 
but the preliminary studies on random samples of urine of normal patients done 
in this laboratory agree with those of Naumann* who found it to be less than 
1.5 mg. per cent. 

To date, salicylates are the only substances found to interfere with this test. 
'f present in sufficient concentration they will produce a pink color when the 
cagent is added. 

SUMMARY 


A simple and accurate spectrophotometric method for the quantitative 
letermination of urinary bilirubin has been presented. This test is dependent 
u the production of a green color resulting from the oxidation of bilirubin 
ith an acid ferrie chloride reagent. The choice of optimal wave length and 
ie preparation of a standard bilirubin solution are discussed. 
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A SCHOLANDER MICROMETER BURETTE OF 
SIMPLE CONSTRUCTION 
SAMUEL RayMonp, Pu.D., AND Haroup E. C. Zueuriix, M.D. 
New York, N. Y. 
HE Scholander micrometer burette has been of value for the precise 
measurement of the delivery of small volumes of liquid. The original 


design's? specified a micrometer, the anvil of which had to be annealed, 
















-Mercury chamber 


Ring of cement—* 


ae 


lrilled, and threaded. The use of a micrometer head and a minor rearrange- 
nent in design eliminates all machine work and reduces elass blowing to a 
minimum. The result is a simple apparatus easily constructed by anyone 
vith a knowledge of glass blowing at a fraction of the usual cost. 
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The micrometer head used is a Brown & Sharpe No. 294 RS. The glass 
part is made of 1 mm. Pyrex capillary tubing and standard 11 mm. Pyrex 
tubing. The latter has a normal internal diameter of 9 mm. with a variation 
of 0.5 millimeter. In order to obtain a close fit between the 11 mm. tubing 
and the micrometer head, the internal diameter of the tubing should be 
smaller than the shoulder to be inserted. This diameter is then enlarged to the 
proper size by grinding it internally with emery paper wrapped around a 
wooden dowel rod until a close fit is obtained. Small variations in diameter 
can be taken care of by the cementing process. 

In order to obtain a satisfactory cemented seal, both parts should be 
heated to about 145° C., preferably in a thermostatic oven. The inside of the 
lower end of the mereury chamber is coated with de Khotinsky cement, which 
will melt at the temperature given. The shoulder of the micrometer head then 
is fully inserted into the mereury chamber. If this is done properly, a 
continuous ring of cement will form at the end of the micrometer, effectivel) 
sealing off from the mercury chamber any air spaces which may have formed 
between the metal and the glass. 

The seal must be carefully inspected after the apparatus has cooled. 
Should the ring of cement not be continuous, the defect can be corrected by 
introducing a small piece of the cement into the mereury chamber through 
the micrometer head at the proper place and then reheating the apparatus. 

The other details of construction will be apparent from the drawing and 
need no further description. 

We have found that heavy grease in the spindle, as suggested by Scholander, 
occasionally traps air bubbles which are forced into the mercury chamber 
by the movement of the spindle. We use a small amount of light machine oil 
to lubricate the micrometer threads. The hydrostatic head of mereury above 
the chamber effectively prevents air from entering along the spindle. It is 
essential to maintain this head at 5 cm. or more. The glass tip of the burette 
should be short enough to avoid a siphoning effect. 

The burette described delivers volumes as accurately as the original model 
of Scholander. 
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A MODIFIED TECHNIQUE FOR THE EXAMINATION OF 
BODY FLUIDS 


Orro F, KrausHAAR, M.D., aNd JAmeEs T. BrapBury, Sc.D. 
Iowa City, [OWA 


N SOME instances a diagnosis of malignant tumor can be made by examin- 
| ing the cellular content of centrifuged sediment from body fluids, but the 
technical difficulty of obtaining a maximal amount of sediment has limited the 
usefulness of these studies. Sehenken and MeCord! suggested the use of ecollo- 
dion bags suspended in glass centrifuge tubes. Marcuse and Coulter? reported 





_ Fig. 1.—Metal centrifuge tubes used to aid in the study of body fluids. A and B show 
e intact tubes of two sizes. C illustrates the metal tip removed and the appearance of the 
llodion bag within the tube. 


ie use of a metal centrifuge tube made up of three separate parts which simpli- 
lies the removal of the sediment. The technique described requires twenty-four 
0 thirty-six hours for completion of the examination. It was decided to com- 
bine the advantages of these two devices in an effort to make the study of body 
uids more simple and rapid. 
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The bottoms were removed from two sets of standard size metal centrifuge 
tubes and threaded to receive detachable tips. Kach tube of the smaller set 
holds 15 ¢.c. and each of the larger set accommodates 50 ¢.c. (see Fig. 1). 

In preparation for use, the tip is first detached and a thin film of stopcock 
grease applied to the inner surface of the tip and to the lower two inches otf 
the inner surface of the barrel. The tip is screwed tightly to the barrel and 2 
or 5 ¢.c. of moderately thick collodion is poured into the tube. With the tube 
held horizontally and slowly rotated, the entire inner surface is evenly coated 
with collodion. The excess is drained from the tube and the collodion is par 
tially dried to form a stable film. It is advisable to determine by experienc 
the necessary thickness of the collodion membrane. 

The specimen is poured into the tubes and centrifuged at 1,500 revolutions 
per minute for fifteen to twenty minutes.* The detachable metal tip is thei 
slowly unscrewed, leaving the intact collodion sac containing the sediment sus 
pended from the barrel of the tube. A small incision just above the level o! 
the sediment will allow the supernatant fluid to drain with a minimum of turbu 
lence. The collodion tip is then cut off and dropped into Bouin’s solution or 
formalin. After fixation for at least one hour, the block of sediment can be 
dehydrated, embedded in paraffin, and sectioned like tissue. 

If desired, the sediment can be smeared on clean glass slides, fixed imme 
diately in a 1:1 mixture of 95 per cent alcohol and ether, and stained by the 
Papanicolaou technique. In these eases the collodion tip is removed, inverted 
on a finger, and the inner surface rubbed on a slide. Even when no sediment 
is visible, a fair concentration of the cells often can be seen on the smear. 

This technique has been especially fruitful in the study of urinary tract 
lesions, since renal tumors have been detected by examination of small volume 


washings of cells from the kidney pelvis. It also has been used to coneentrati 


the cells in pleural and ascitic fluids, secretions aspirated from the bronchial 


tree, and gastric washings. 
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*If the volume of body fluid is too great to be accommodated by the metal tubes it ca! 
be centrifuged in large glass containers and most of the supernatant fluid decanted. Th 
liquid containing the sediment then can be transferred to the special tubes. 





